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FOREWORD

Citations of commercial organizations and trade names in this report
do not constitute an official Department of the Army endorsement or
approval of the products or services of these organizations.

In conducting the research described in this report, the investigator(s)
adhered to the "Guide for the Care and Use of Laboratory Animals,"
prepared by the Comittee on Care and Use of Laboratory Animals of
the Institute of Laboratory Animal Resources, National Research Council
(DHEW Publication No. (N4IB) 78-23, Revised 1978).
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/Part I - 1-4 mt7 to PlasmodiLum faloinarum in Man.

Theu procedure for the continuous cultivation of the rthrocytIo0
stages Of P, feAcLVVXWr follow~ing the methwod, of Traer and Jensen,
(1976) has boon establIshed in our labora~toy

Ring stages Of P. falciaum in 3 4% g~CpToI (Vv) in sorbItol.
were mnap-frozen In li.quid N 2 & A similar :C'. 1 of paast

* viablity was obtained after the pexuAiteff had thawed out and been
washed with either decreaing concentrations of sorbitol./salino or
hypert onto maine.

Since =n13r smalL amounts 'ot blood were avail.able from patients
a procedure for culturing P. faioiparlmn. a.L miLcrosoale was
eatablishod. Growth. and. *iaatplation of the parasiLtes inyLr
was assessed from Giemeat a stained smears and incorporatioan of
3B'-ISOleUOin.. Ia. miorotIas oulture traya P. Iiag grew
8slightly better in RPM: 16S40 and Medium 199 cantaln- 10%7 rather
thlan 3% foete. al-f serum, grow better in flat-bottomed tray, rather

* ranmround-Pbottomed. tray. and. gave better, incorporation of
_L*0cUU MediLum 199 thaem Un RnkI 1640.* The condiLtiona were

determined which allowed atisfactory growth and. mattiplioatin of
P.f&9aM in individual. cultures of 30JL1.

'$*IUeteen soea from non-iauns showed varying abliUtiLes to
* support growth of P.-falcneru in microcultures indicating the

nocssity for adequate controls in testing, ihumayt imne sora for
ant4p=6asitic act:iviLt7.

Intacted blood. from 82 patient. was oryopreserved. Thirty-f our
Pat-Ionto returned after recovery and, gae usable. serum samples to
test f or #AtIparesiLtic acivty

* Part =I-T inummt to rdn aai aaie

- fractionation. of imue splen coils Into T-cell and B-cl
enriched populations and treatment of them* populations with, at-T-
cell autisera. before transfeOr into Lrradiated nAJtve reoIpients
confizmed s. role fov bothx T- and. B-co.U in, iomIty, to Zsaaid.

Injetion of prIAtane, (2, 6, 10, -tstxaetbylpantadiecane),
emilsifted. complete fteund' e adJvat or emIAsXAied incomplete
yzemdtw afdjovanmt IntraperItoeell into =Lao 2-li days before an
J~ft&ePeritOne. challenge With P.T o r02 L..jkmgaI delay" the
oset or a. patent pmxstaeeda -= int eiLce. Th adowere not so

protected. if the, challenge Infection. was gLven Intravquously. The,
pwotection In the mices was associated with Increased phgcytlo
actit bir PSerItnen2 Macrephgee :LL the treated =Loe.

InfectIon of =Lae vIth Mvd tr-r mwzIne leprosy,
gave the mice onsiderable, resistAnce tof & ater ni1e1tIam. wiLth

Unbsinmicotiand some resistance to L.~~i&



Groups of mieo infected. vLth. ja.. jjl wore irradiated on. a
single oceasion with 600 rads X-irrodiation between days 3 and 3T
after Inf ection Irradiation before or at pe k paraitaesmla. did
not extend the primary patent paresitaemia but prec ipitated a.
peeta'u reordesoenoeo Irradiation. between. days 10 and 1T, when
the pt.t-pes.ottaoml. was deci.ninc, temporarily halted the
decline in the parasitaoeui and extended the primary patent
parasitaemia subsequently in. those mice the recrudescent
pareasitaemias were delayed. Irradiation. after day 21 had. no
sL4ignioant effect an the course of the parasitnemia. There is,
therefore, a radiosensitio component in the imme mehansms
leadLng to--arsite removal operating between days 10 and 17 after
infection approximiately.

Xt&t trophsozotes, sohlmonts or- meozoites of P. cbabaudi are
the vulnerable stages in the imune mouso with. phagocytosed parasites
to be seen in the lverr spleen and occasionally the. peripheral
blood. ftperiments involving removal of the spleen confirm its

St-*or=ff-Moe in the suppression of P. coabai in. mice with patent
parsItaenis.e In i=Lcewtrh an established. 4-imt which have
recently bad the i. +m-.4ty boosted by reinfection, removal of the
spleen, does not prevent the rapid. removal of a large challenge
Infection. The spleen, therefore, mar be important in the
synthesis of protectIve antibody but the aotivity of this antibody

asn be independent of the spleen.

The oross-iunnity between P. iabJ and P. vJ.ncke4 brOuCecvtti
is dependent an the spleen. Mice which are hyperimmo to either

P. cabadi.or P.T. bruechatt could rapidly control a large
homologous challenge In the absence of the spleen but not o.
heterologous oalle g*.. Cross-immiun:Lt between these two rodent *
parasites appears to involve the rapid mobil2iation of a speoific
im :e rsponse to the challenge, parasite in. th, spleen and that
the non-specifoi element of the, oross-imity appears spleen-
dependent also.

i m4 - I



Although msoJ. has beern offeotively controlled in ay parts
of the world ove the last thirty yea", it L still. the major medical
problem ot the varmor parts of the wrld, part cula r in. thedevelopin countriLes. Over- 400 million peopler are stL1. ltvir'/ 4i,

areas where there at no efreotIve oentol mesasuwe. "rL AfiOa alone
neatly one mdl'lian people, mw.tly babies and Infants, are reported
to die from malaria. each year. It ie thouht that the deveolopmet
of a vaccine ag4st mala:ra will geaviT help reduce the importance
of mlaria as a major oause of death and morbidity.

Mt is vell ho=aw that the im* response to an. a t:Lge. is
complaex, that the charac ter or the iimeza reaponse changes with time,
and that iLt is subject to regulatory mechanisms. *Not a&l the i4--9
ceeponse to mlar-a parasit.o are beneficial to th, hoatt some *ambee bamfL A. dlot:aled, Ic nrledge or" th fo=' th 4-& repon~se

to malaria. parasiLtes takein and, of the wqWW in. which ismamity acts,
against the parasites sod of its speificiLty wIill dictate which
aspects of the 4l Ome response to the pa-a:it3oa should be preferontially
stimulated by a vaccine. It Is. wiLth this objective inX mind that
the following studies were carried outl.

The study han coarnemod the following areas

1) & yAro culture of PlamodAu a in¢ .- on IL
miozosca.1.oe

2) Specific parnastO inhibitory antibody response to
popuLcton.s. of Psa 1 Da=.

3) Hechazismxe of protectiLvo inemmitr to mouse maladasa



Immnit toPlasoiu faloinerm in Non

This pert of the study was partly carried out at the Medical
Research Council Laboratories, Fajara, The Gambia, West Africa, with
the permission of the Director, Dr I.A. McGregor, and with the help
of the resident technical and medical staff.

The Gambia in a hyperendemlo malarieus area, with P. falclnazym
aouonmting for most of the cases of malaria. P. ovals and
P. malari£ae occ-ur ocoucaoaly. Moat malaa in, th Gambia is soon

n the period from July to December reflectingK the Increaed numbers
of mosquitoes foud du.ing the rainy season and the three months
immediately after it. Although antimalarlals can be purchased from
traders and ae give to patients at village dispensaries, the use
of ant~ms lels for prophylaxis purposes at the present time it
rare amongst the majorit7 of the African population. This situation
is to change as pla for mass prophylaxis arf formtlated. Inat
and cild morta.lity in high. Most deaths from malaria occur iLn
infants between three months and three to four years. Children
who survive these early years gradually build up an effective isemity
until by adolescence a st imnt7 is established. t is not
unusual, however, for adults, dmuing the period of peak trans ission,
to have patent perasitaeomaA although rarely shoving clin.cal
symptoms of the diasese. Even In individuals living all their
lives in one locality, therefore, it takes several years of exposure
to .alcinaruM before an effective 4i-t7 to the perasite is
built up sad even in iL- e or semi-immune individuals following
reinfection a patent parastaein i nay ensue. Two possible explauatio;,s
are suggested to explain why the establishment of a beneficial level
of acquired 4mmity is a relatively slow process and Why when itymf4Ly
in effective enough to prevent clinical illness the parasites may
survive and multiply. First, it is likely that even within one lo . .)
a large number of lstrains' of P. Loinazum exist, each of which
necessitates a specific Imue response from the host and thus it may
take several years before an individual has been exposed to most of the
existing strains within a locality. It would be expected that
different strains did share comon antigens and that sensitization with
one or more strains would promote a more rapid response to further
strni- the individual may be exposed to. Secondly, P. falar m
like LP. 1 aa in the blood of the rhesus monkey, may be able to
undergo antigenic variation (Brown arid Brown, 1965) and thereby evade
the host's i--o response to it. The eventual omaposition of a
vaccine against the erythrocytic stage of P. ftligam may depend upan
-the occurrence of intra- and Interstrain variation in P. fa&Li m.
In the work described below in which 4--m meohanism against
jM2 have been exandzed the possibility that inter- end
It train variation occurs has both been taken into account and
evidence for its ocouvrenoe sought,

Immity to j_. falg = In man s, iIn prt at least, dependent
on serum globulins (antibodi), Cohen Lj_%. (1961) pooled serum
from a numer of adult Gambians, seperated out the ZIG fraction and
showed that this XgG had protective activity when injoted into
children suffering acute 1 .saJaIn infections. in these children

*the perasitaesia declined iin f as r- could be ascertained, the
Simmune 8GO appeared to be antipa aitic when the parasite in the red

cells reached the mature sohisont stage*. In the work of Cohen Ltj..Q
it is important to note that serum was pooled end that it was trensf

into children who were probably already partially sensltised to the

lowV



parasite and whose rotilouloondothelis.1 system therefore was stimuLated.
The protective activity and hence specificity of sera. from individual
donors was not testeda. The ontipearasitio activity, of the, serum anti-
bodyr m&7 be dependent an the cooperatic= with cellular elements, such,
as imarophages and. X. cells present in the Infected children, recipients
of the imm.n IgG4

The asexual blood, stage of FfalciLW can now be cultured an. a
continuous basis (Tracer and Jensen, 1976), some -isolates from patients
adapting to continuous culture more easily than others (Jensen and
frager, 1978). The effect of -1mma serum an the growth and multipli-
cation of P.fciaminclte has beem examined by a number of
workers (Phi:lps- eta. 1972; Phillips t al19731 Wilson and
Phillips, 19761 MiLtchell of & 2, 9761 Reese and lMctrl, 1979). Reese
and Motyl reported the inhibiLt cry effect of i--* AJo1IL amore peru
on a continuously cultured strain of Pwil I§ :th. which the
mankey' had boom infected. MItchell.oal (~7196) cultured P. fAloinauM.
from an infected Agoaa monkey wiLth hi. IgG frm immn patients.
Our own. work in th7-Gmbia, has looked at the eff ect of serum fromi
Gambians of various ages on. the growth and mutiplication of perasite&

* taken. frow Infected old"ren. ZnutiAlly individual cultures, of 3.1
were used (Phillipw et' glo, 1972) but since the the parasites have
been cultured in .96-well micratotis culture plates (see DI.Cs et*jl.,
1971). The growth and multiplication rate of the parasites in. micro-
culture tbrough ane sobixogony and. reinvasion wa ontored Ivy Giemma' s
stained smears, by measuring the incorporation. of *3-ioleucine or the
release of lactate into the supernatant. In excess of 100 sara from
Gambians of all ages and a6 NiLgerian= aera were, tested for parasite
inhibitory activity. In all. oases. the test sera. were compared for their

serum collected, from the. parasite don=r at the samne times a& the,

infected. red. cells; were collecsted. - The mjority of sarm showed slight
inlhib:tory- activity and a. few were, strongly, inhi4bitr-. AL few sez4.
appeared to be inhibiLtory- to the parasite& of some children. but not
others. It was suggested. that- thi variAbUity, in. the, antiporasitio:
activity of so=a in. these. short-tm= microcultures, might be attributed
to antigonic: diversity In P. falciuarum coupled with the fact that
specific antibody- responses to szy antigenic. typo might remain at a

* high and detectable level for a. relatively short pezriod. It was
decided, therefore, that a population, of parasites needed to be matched
wiLth a specific Imme response In. an. individual. In. order to match,
for example, antiserum with. the particular- populaftion of
which stiulated its production, infected blood urns oryropreeerved while
the Infected parasite donor, after minimal chloroquino therapy, mounted
an irnau response to that population. Subsequently, the, recovred.
patienut donated aL fuxwthev serum sample (convalescent or recaoeed serum)
and the cry-apr.. erved. blood was thawed. and In amioroulturee the abilitr
or thee.s pazrasites to grow and multiply7 I= the presence ofr sea
CrICinsily collected. at the sam. tim as the ifoted red cells
(Vretr-eatmet sewum) and In convaleseent serum, was cmpared. Prelminary
result:, reported previously (Vileo st ao~J, 19761 previous Amzs.l

Reor pshowed that corlsotsera hoved both specific inhibitor-
actT~t o hooloou po~a~es (1*0parasites en eaCOW" ng f

th& ge an a els&" some actiLvity against heterologous paraites
i:Le. perasites fromn other- patents). This first a tudy was considered

prliminar- because the --- s or patients from whom pretreatment
and oawaleseent serum was obtained. wa&s mll, and subsequent wors has
largely been. concezned with usiuf- the same procedure to Incre*ase the,
nwor ot pretreiatment end. aammleseent soor. tested.
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The woz am ed out In the short working visit to the GmbI durnf
the period of this report is described below. On return from the
Gambia with a large number of isolates of P. falcinarum perasitized
blood, oryopresorved in liquid N # it was decided that boefor* theme
techuique for P. faloinerum should be established in. the laborator7

in Glasgow. it was hoped that each Isolate would subsequently
be tested. for Its ability to establish. In continuous culture. There
was a. dela7 in achieving this for two reasons.. First, the implenta-
tion. of the Health and Safety at Work Act (197h) in the Unversities
of the U.K. necessitated the implementation of hAdl4n procedures
for dangerous pathogens in which the risk to the worker and other
personnel in the vicinity were reduced to a mi4-n . For the
hondlin of isolates of PA.~iunnq it was decided to first screen
all samples of blood andi m for hepatitis B and dostroy all positive
samples (12-13% of samples) and to handle all the P. faloiaum
infected blood using standard dangerous pathogen, handlinJ procodxres
in a r ecirculating wor station. Secondly, the actual establismeent
of the Trager and Jeuas continuous culture procedure took longer
than, eipeoted. Several months of frustration and. failure were
experionced. Although it is difficult to identify all the reasons
for the parasites failing to gow It is clear that with time teon:Lque
Improved. Batches of I-- serum and hum1- red blood cells (both

-from th-Vest of Scotland Blood. Transfuslon Service) varied in their
ability to support grwth and multiplication of the paras:Lte.
Zatablisbeent of a routine in which new batch*e of serum, medium and
red oells are tested for their suitabilit7y for culture purposes before
being used for all the cultres, removed. most sources of failure.

On my arrival at the M.R.C Laboratories in the Gambia for the
period of work described below I was Informed that it was no longer
poseible to obtain convalesoamt seznm samples by venepumoture although
the earAer review of the research proposal by the M.R.C./Gambian
Govmrnot EtbdLs Commttee had not questioned. the use of venepu oture
in recovered, patients where it was thought, br c1.lcian, and parentp
to be in. no way detrimental. to ths, patient. It is now possible to
collect covooeent serm= by vemepunoture. It 4d mean, howeve-,
that convalescent sera had to be obtained by finger prick# and that
the quantities obtained were smll. Consquently a large pert of
the six weeks' working period was spent in seali down the micro-
cultures to cultures of 50-100P which were les demandinga sera
and parasites.

Cryoprservation of Plasmodium falgina.um

32 te, prevIous repor* a. ey eaorvatiLot procedure for the ring
Otago pa asites of Mwas described. Parasitized blood
was collected,. Into he er&, rlngw to gLve a final concentrat.i of
10-37 i.u. hevmexn/ul. of blood. The infected blood was washed twice
vilh medium 199 .or RPN 1610 end resuspended In aomaible Caucasian,
= rm to give a 40% suspension of red cello. The Infected blood was
aliqected In 0.25-0.9ml smats In ane or 2ml screw-caVped Ste-1lin
propylene tube to vhich was added, dropAse, the cryoprotectent
which was 314% glyerol (v/v) L. sorbito/saLine (389m glycerol,
2.9gm sorbUal and 0,43Va MaCI I= lOOml distilled water). In the
original procedure cryoprotoectaut and parasiLt:Lzed cells were kept on.

ajoe. The present procedue t to tohave pa alitized blood and oryo-
prtectent at room temperatrm e and afte miizn to .keep the mixtue
at room temperature for 13 win before placn a :Lae,.to. for 5 min



after whLoh the tubes a=* plunged into liquid N Thawing of

aryopreserved blood was carried out by- sO the tubee from
liquid N to a 37 0 C water-bath as rapidly as possible and gently
agitatia the tube for one minute. After thawing the tubes were
spun. at 250g for 3 ram, the supernatant removed and the red cells
washed in five steps (see below) with decreasinC concentrations of
sorbi.tol (17.5% -> culture medium) in. phosphate buffered saline
pH T.2 (PBS). This procedure for recoverAnC oryopreserved infected
cells resulted in. a good red cell recovery but had the disadvantage
of being laborious and. time oonsumi-4. An altezative recovery
method using hypertonic saline has been oompared with the sorbitol
method. The results of one such experiment are given below.
The infected blood from a Blood Group A donor had 2.6% parasitaemLa
of large rings. It was washed and oryopreserved in sorbitol/gcerol
as described above in. 0.3m,. amounmts in liquid N . Aliquots were
thawed out seven. days later and washed with. olter sorbltol sas±no
ow with hypertonic saline followi.ng the protocols given below.

Sorbltol wash S

Step I 2ml 17.5% sorbtol (S) + 2.L 10% S Stop 1 0.Sml 4.5% allmn.

+ 2.1 7.5% (S) + 4.513 .5% saline

Stop 2 lmlO% s + 2 7.5% (S) +2=1 5% S Step 2 5m0. s9% e

Step 3 lml 7.5% S + 2m1 5% (S) + 2ml. Z% S Step 3 5 ml medium 199

Step 4 .1., 5% S + 2.1 2.5% (s) + 2.2
medium 199

Step 5 1=1 2.5* S + 4.1 meditum 199

After washin,# the red cells wore resuspended UL 150& Caucasian;
Group A. serum, and put into microtiseue oulture trays, Five micro-
litres of sorbitol washed or saline wanhed infected blood were
subsequently put into -iorocultuwes containing 50, 100 and 10ILl of
medium 199 (Phillips et lA, 1972) contalnng 10% foetal calf serum
and 10amK Hopes. The cultures were incubated in 5% CO2 in air.

After resuspending the cells in A ser m the sorbitol washed
blood had a reedcel.l coumt of 3.98 109/,. aud the saline washed
blood 3.05 x 10 1/-. iJ-datin that the sorbitol mthod gave a
slightly better red cell recovery. Growth of the peinsites in
culture we monitored by examining Giemsa'a stained smears and by
the uptaka of ' -isoleuoina follo tho pLoeodhxre describe&, in a
previous repart oenL In. Wilson. 3 ofl'977). 0.51&CiL 3 H-isoleucine
in. 5 1 me d. 199 were added. to the moroculture 6lir after the
cultures had boe Initiated and the cells harvested 15h later.

The level oC incorporation of -- isoloucine in the cultures is
given In Table 3.. It con be seen that overall the samont of

corpatlaL ws omparable in tho a-'* washed aack sorbitol washed
blood. T2e blood. smears from the washed and resuspended red cells
showed & sliatly hie parasLtaomiL in the sombitol washed cells.
The relnausim. rates were ver similar. Thre mount of incorporation
of the taaer in. the miorocultures reflects the diluton factor of
the teoer in. tbh eulture o difoerenat volumes (se. later).

I 
V

' 
I



9.

Culture of aryopres~rvad P.fcw aftev vashiuf

viLtk. sorbtol or hypertan~o a.J4~.

Wah. Volum of culture -3
_____________ Mom of dupLicate cultures

50 100 150

+- 16.6

+- 6.99

4- 16.os0

ffarbitol. +- 4 7.9.

+. 5.85

Initlal paramitaeu±a sorbItol wash 1.96%

BMaL4. wash 1. 5%

MultipplcatAM r&t. (after rOA=iwsix) I
sorbiLto2. washL - x 2.5

maifr-e washx - x 3.3
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Coaclusion

This and other experiments Indicate that both *orbital and
hypertonic saline washing procedures give reasao abl and similar
parasite survival an judged in short-term cultures. Longer term
cultures of oryopreserved infected blood after washing by the two
methods are planned.

Variations in the procedure for culturing P. falazmm

on a miorosoale

It was noted in the Introduction that there was a necessity to
reduce the aso of the microcultures so that the inhibitory activity
of the small volumes of sera from patients before and after recovery
could be tested. The following experiments were set up largely to
find the beat culture conditions.

In all the experiments reported below the infected blood was
collected from the patient into heparin/ringer to give a final
concentration of heperin of 10-20 i.u./ml blood. The blood cells
were deposited by centrifugation (230g for 5 min) end the plasm
collected. (The plasm was subsequently used for screenin the
Patient for hepatitis B.) The blood cells were subsequently washed
twice with medium 199 or PIC 1640 as appropriate and fina.1-Ly
resuspended to 40% haematoorit with compatible serum from a non-
instme Caucasian. Unless otherwise stated cultures were car,.ed
out In 96-well flat-bottomed microtissue culture trays.

Six experiments were carried out.* The media used were RPNI 16 40
(Flow Laboratories) contealnin 2.*19g/1 NUNCO,, 25d4 Hopes and 251Lg
gentaaicin/ml (Trager and Jensen, 1976), and medium 199 (Flow Laboratories
containing 1.98 g~l NaBCO , l0Oi4 Hopes and 21Jfg gentamicin/mI.A
Parasites In RPHI 1640 ;e;e Incubated in a candle jar (frager'and
Jensen, 1976) and those in medium 199 were Incubated In 5% C02 in air.
Foetal calf serum (Fcs) was added to a final concentration of 5% or
10%. IndiviLdual cultures were of a volume of 25PIl in aicrotissue
culture trays.

Comparison of the growth and multiplication of the parasite In
medium ontaJining 5% or 10% FVS over a period of two to four days
revealed that in 199 and DP2CE there van usually no 8iuiifioant
difference although overall there vat a slightly better rate of
multiplication and Incorporation of -'H-isoleucine In mediaum containing
10% iCS. Ono ==nmP's As given. The parasitizeod bleed contained.
4.97% rings.* After being wash"ednmd resuspendd In Caueain A serum
l01Ll of Infected blood vas introduced Into ea~h 250gA1 mieroculture.
Each culture contained approximately 1.6 z lu- parasitee and N.2 z 107
red cells In medium 199 or RPXX 165.0 containing 5% or 10% FCS. Tw'elve
cultures of each tyewere set up at 1700 hr an day 0. After
1. 5 culture ljW1N-sl~mu (specific activity ?I CA N/mci,
(Radiochemicals, Amarosam) In logal ef medium was added to fou cultures
of each type. One culture was for Chr of incorporation mi the
reminin three were harvested 155b later. Neinvaseon occur=e

t oar about I#Cb of culture. After 51.53h of culture igaCi
-Is oleucine, in l~gil of medium was &ad to a further four or each
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culture and the- cultures hars t . l*4hr later.. t in.teaLs durin
the culture period rprea &tIve mcrocultur:* wore, diso:tiued end.
blood smears~ made fr om 1;hem. Th resut~s arze cit1ed 4,, Table 2.

MtI can. be seen. that/ th evelno. o1r :incorpo t~on. of th]e z'adtaOtr'aco

was 4gl iiantly greater in medi:um 199 reflecting the larger amount
of IcoldLt isoleucnLeo alreadT present in. RPZ 16O. * L both. RZ and
199 there was a. reduced level of tracer incorporation. fs.ter reinvasto4
and. that the lowest levels of incorporatio. were in the media containing
5% rCS. Glemsals stained smears suggested that there was a hlab
rate of reinaslon. int medium 199 contaynin 10%a rCS. On the basis of
these results and those from other experimenta it was decided to use
dium 199 containing 10% FOS as the culture medium Particularly where

oooiulc e inoorpormtIon. was being determined.

Comarlson of the growth and multIvlloation of narasitee iL
fl--bo-t4med and round-bottomed micrtiossue cultre 1nlatee

It was planned to examdn the possuib.L- of using a cell harvester
(Titertec) to pwocess microcultures to which J -isoleucLe had" bee
added. A..Lba---rvester would be a more rapid method. than the
standard, methodl in which individual oultures axe spun down in tubes and
the red cells washed three times before beingbleached withb eyhrogm
peroxide and solubill-ed. in NUS. In the cell harvester tl,.% blood
cells axe colecIed. onto discs of filter paper, washed, blech.4 and
then treated. with NCS. The manufaoturers of the cal harvester
recommended that the cultures be carried out in round-bottomed tray.,
in flat-bottomed trays there is a dangeor that some of the cells in
the wells would not be oompletelyr washed out. Hence it was decided .
compare the growth, of P. falo.varum in round-bottomed and flat-betome
tissue culture -ay&7

Pmasites from eight patients were oultured. Un flat- and roun4-
bottomed. trays. in, different experiments.* The growth of parasite.
from: thwee are described. For all three donors of parasites, the
parasites were culturedL in 5% CO2 In air In modiun 199 conta4ini.
10% foetal cal serum, lOiiM Hopes and gentam:Loin. at 251L/ml. The
parasites w re growvn th rough one period of schIzogon and rein lsn
in cultures of 250L1 and 50).l. Five muorolltres of washed and.
resuspended red. cells were added to each culture. Incorporation of
3 H-isoleucine waa measured before and after relnv slon. The results
ars, shown in. Table, 3. After reinvaision comparing 50ILI and 250ja2.
culture the higher per a mias were seen in the 201Il oulture .
Comparing flat-bottomed and round-bottomed wells it can be soma
that after reinvasion the paraeltaemias #nd tracer incorporation.L
wM* S4 i:fica"tjl higher In the fOr er wells. Before re~i=v"a
incorporation. of the traoer was sitlar in. round- and. fLat-ot med.

lh other experiments similar results were obtained overall.
TI cultures, therefore, in which reinvasian rates and subequent
growtf of the new generation of ring stagos are being measuwed
round-bottomed are les satisfactory than flat-bottomed wells.
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Table 2

Comparison of grovth of L. faloiu-ru, i RPK 1640

or T, 199 oonrslniu o 1096 foetal, -calf ferm

Mean '-Is oleucine Ioorporation
C di Mean pe.sitea/

100 red oells

Before After after reinvas ion
reinx"Jasn reinvas±on

57% lOS in RPKX 5.38 2.27 .4

10PCs inRpM I 5,247 .4@37 3o'48

. ...CS in RPa 18.3 862 3e96

10% lOS in RPNI 18.94 *124.76 6,65

! K

H
.11

'1 e -
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Variat.on in size of individual cultures

ak. Without medium chsnxe

Washed and resuspended paasitized blood from twelve patients
was cultIred in medium 199 (106 FCS, 253Ig/ml genta-omi and 10oI
Hopes in. 5% CO in ax) in fl&t-bottomed tissue culture tra7 in
cultures of 5041 or 250A.I Five microlltres parasitized blood or
5I of the blood diluted I in 2 or I in 5 with normal serum, was
added to emah well. The growth of the parasites before and after
reinvaslm was monitored by incorporation of 3-isoleucIue (0.53Ci
per well) and by examination of stained blood smears.

The results showed that in ten of the twelve blood samples
renvaslon rtes were higher in 250Ll cultures oompared with the
50Ai cultures altough this difference could be reduced by reducing
the numbo of parsitoe pe:r well. Growth of the parasites during
the, firat 19hr of culture was simila- in 50sLl and 250ILL cultures.
The resulte from cultures of blood from three patients are given.
In Table e. In patient 7831 thee was no reinvasla. in 501LI
cultures initiated with 1.06 x 100 pearasites although there was a
detectable incorporation of the tracer after 67.75hbr of culture;
in these latter cultures ther were trophosoites and schizonts
present at 67hr. In the 250141 oullures initiated vith lowest
number of infected cells (2.11 X 102) fom patient 7831, th 6
reinvason. rate was lower than. that in those initiated with 1.06 x 10
parasites. This findng illustrates the frequently made observation
that parasite growth and multiplication may be inpalrod if the
number of rod cells in individual cultures drops below a critical
level. This oan be overcome by adding extra uminfected re4 cells
to the ou.tuea which maintains the integrity of infected and
uzintectoe red cells In general the rate of tracer incorporation
reflected. the roemn~vsio rate determined by- parsitaemias where
reinvmaio occurred. As. mentioned earlier' the anoum~t of tracer
incorporatloa was reduced i, the 250pl, culture because of the
dilution ofr the tracer-.

These and other experiment& Indicate that it is possible for
t to be grown through one sohizogor in 501LI cultures

without changlng the smdium ovor the course of throe days but it is
neoeeesar to ensure that there ere suffioient red cells present
to prevent spontaneous lysis of red cella and that the number of
infected red cells is not too high. Thus where materials, e.g.
infected blood, serum or redioisotope, are limited 50IL3 cultures
may be profitably used but it would be advisable to monitor
relnvasion by stained blood smears as well an by raaioisotope

31 further invoetigations f.te determinIn the optiml ocnditians
for the growth and multiplication of . acnrmin cultures of
less than 250p1 two ezperiswt were carried out in which the mediUM
in 1ndirvi4ual wells was changed during the course of the vultune or
in vlh the volume of medium in the wells was reduced during the
course of the culture usuallT Just prior to the radio tracer befng
added. That is, in order to reduce the posibility of the modium
in the mLrotitre well being exhausted during the culture prioAd by
the growing parasite, the paraLite initially started growing in
excess medium ad the culture volume was reduced to that requ.Lred,

* ~just before r"Lotracer waa added.
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£4. In. the first experimuent cultures wew* set up containing
50, 1009 150 and 200p1 or medium. Some of the 50I13
cultures Vere. subsqusentlT left umtouched. Zn. others
culture. The 1003. cultures bad 5P0 medium removed,

the 150l1 cultures. bad. 100I13. medium removed, and the
2001LI otu.re.os l501L mdium, removed in aL cases after'
23.5 or 42*25hr of culture, That is, in2 all cases, the
fiIl volume of each culture after 42.r of. culture
Was 50LI. Reinvasian, occurred after about 401w of
culture Duplicate cultures of each treatment received
0."5IACi 3H-isoleuaine between either hours 44.75 to 66.00
or 73.00 to 92.50. The pa naLtaemia. after reinvasLon
ws. aPpo oIMtely the same in. the different cultures,
i~e. 5.56-8.14%. The tracer incorporation rates are
giveu in Table 5 from which It can be soon that replacing
2511L of' medium or reducing the. volume of the cuture
to 50411 at 23.5 or 42.5brt particaulawr after 42.51w
oV cultu=r increased tho omoum~t of Incorpoamtion, of the,

LL. CultUre. were, set up ontaining a volum of 50, 100, 150,
200 Or 2501,1. After 24&.75= of culture some cultures
Vere reduced., in volume and. othe had. mediu replaced.
as followt

50011 cultures - 20111. medim replaced. in. some cultures.

1001 1 cultures - 50P1 medium replaced in seo cultures.

15011. cultures - 50iL1 medium removed from h] the cultures
and. replaaed. U,, others.

20011L. cu.Ltuzea - 100111 medium: removed. from ba&= cultures and
tor soio of these 501i. fresh meUm added.4

250IL cultures - 2001L. removed from betg cultures ead to ome
of these 50 or 10013. fresh, meLum added.

0.5Ci:L -isoleucine I. OILL was added to walls given the
different treatments from 4.52w" to 18.22w and fzom 52.50 .
to 66.obr. Roivas:Lon occurred after 30 of culture.

The results are given in. Table 6. It cm be seem that the
amout of tracer, Incorporated between 4.50 and 18.Zb decreased
with incresinc volum, of the oulturee. The lowest reilavasion rates,
ASOsLd by' the stained blood. mseaer wee seem in the 5o111 ultures £
Int the 50511L cult=*&e In vhich. 20IL1 of the medium vw replaed th&
redJmvsioM. rate VMS increased, slightlyr an the amoum~t of traacr
InaMperaft.m Waised. Althcu& for th, aulture. oC & fi.l volume
or LMO, 150. 200 -nd 25011 the redawaiaw rate. Vere hi8b tha
far the 5012. cultuvre, there was no IndicatIon that MW particula
TOlumeel*Ie gave, the beet parasite owth, m ltiplication.SiMdlarly' fo- culture of a fji volume of 100 and 150"1, replain4
medium or starting with eoss edium and reducing thA volume to
the final voluame, di.not enhne parasite Wowtb.L end siltIplicatiome,Z1t Ithw~ow, to bo not;ed that4= 4this empergmet (1.L) the IndiVIdual.
on.tuiree gach cntained 84. ze 1O r aites compared -ith.
3.89 z W0 parasiLtes n Ia eze Msn fin the mediumm, therore,.
was less radLy .ehaiated.

7-1i
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17.Table 5

Grovth of IL vairum In cultures of a final

Mean Gom* X 103

Initial Totalalume of Treament T~~
olture of cultures Period of isotope incorporation incorporation

44.7-66.00r 73.00-92.5b

50Pl none 18.34 19033 37.67

25pl replaced 22,06 1793 39.36
23.5bn"

50i41 17..3-

255 replaced 22.95 18.08 41.03

50341 removed 2I5 06 45e'2Za 23,5hr
100Il .

50pI removed 28.33 18.96 47.29
42. 5b

lOii rmoed24.06 22.24 46.323. br
150141

10031 r-emoved 28.14 20.73 48.87
42. 5"

150pl removed 22.59 20.42 43.01 I
23.5iy,

2001 ..

1501&1 removed 31.16 19.05 50.21
- 42. 5br

The cultures voro initiated with 514I wasah. and resuspended
infected bIgod cells containing 3.89 x 10perasite
(10,25 x 10 rbce).

'II
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Theae two experimenta confirm that it is possible to havea o-,can grwt an nalL~pliota ot P4rA Q in 50t,1cultures, particularly if medium is oh angrd# a.tho the parasites

may do lose veil than in larger cultures.

Growth of P. faloam in miorociltuxes i.

diffrent pennies o nor. acsa n

La a teot of the suitability of small volume miorocultures for
assessing the abiLty of different sera to support the growth and
multIplistion of Z fgjj two experlment were carried out
in which the parasite was grown trough one achzogny in the
posenco of serum samples collected from adult females in the U.K.
The donors were either women mttand1n ante-noatal clnis or a
seually-tronsmitted diseases (Sin) *4nio. The merm were stored
at -25 0 C uwtil required.

Xn. the first experiment pasite. from a Group 0 donor ver
cultured in 50pl. medium -99 (10% FCS, l0 Hope. and genta lom n
25NVg/L) to which 50I1 of serum was added. Each serum was tested in
tbree microcuLtures. Growth beforo and after reinv sIon. was ases ;ad
by inorporation of H-iaoleuclne (O.iaC:L per val) and examination of
blcod aearEW7~ The resulta are given din Table 7' where it cam be seen
that substantial. reinvasmon only occurred iL cultures on*ain1.ng
culture medium without additionas. In serum. Human serum at a
concentration of 50% supported growth of ring stages with some small
degree of variation between different sera, as well as medium alcne,
as ovIdencod by the iaorpo ation of the radlotracer between 400
and 19.231= of culture, but reduced eb.Aogozy and reinvasion.

.u. tha second. experiment 251U. of hauw serum was added to 30pl
of complete medium. Cultures ware 4-44 ateod wLb. 51I of vaahpd
and. resusponded. infected. blod (3.7 = l0_7 parasites. LT7. = 100 red
blood clls, 2.07% paitem ) from a. Group 0 donar. Four oulxtur -
wiLth. eachL soxvm wers, set up. 0*51LCL 3 -iacouoine in 10)1I was addsc±
to duplicate cultures of each seium sampler afte- 3T.5br of culture
(reinasL=z occurred after about: 28hzL of culture) and. the cultures
were harvested 16h" later at which time the re-msning t ouulturas
of each serum sample were smeared to determine the reinvaslion rat:
The results are shown. In Table 8. It can be seen that on this
occasion. th reinvasian rate in the cultures containing 33% hum
ser&m was as high as that in medium alo*ne. Radlotrace incorporation
shoe .that there was mome vorat-lai in the uptake of tr cer by the
now rings, in the different er. A. higher level of tracer
incorporation was not always reflocted in a highe level of parsite
rL1nvsla m. as seen in the stained blood smears.

Thse two eXPer=mnts showed. th.t . i, ,, micocultures. cam be
used. fo -4s-cniaq, for example, the ablUt of s or fronm inen

indivi~sto support =r Inbit the growth end "Litipla~ati a of
S hiMm sa-a at I V-inal oncentratl o of 336 supported

the paras te. vezy inadh better then at a a poentratiogn of 50% and
that vLth cultures nLitlatod with 3.7 x 103 posase a total
oulture volume of 750l was satisfactory, These experiments clearly

frow th tam id i mvzia t.a the abilitya of oe' from non-
tines ovw between, seu saMplee taken an different occasions
fromd th a thereivalatio suppoteailt far.fo o-

U e8Perimets, thereforep where ent.-perali io activity of
100s6 or ,a belag teted for, am. adequate numbez of controal a
should be ineluded..

,4L*4 4 ,
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8 21,

ReinvasioM. of Mz 1efforent no-imm. aers

Serum dcom Blood Group COPOm, x 103 % parsestaem
after riznv"a aftew re.ivvaaion

14 W 20,52 18.,

(ii) 18.08 16.27

1.4 (144.) 24*49 .19.89

1.(:L-) 2.3.1. 20.14)

14 (V-) 17.42 13,2

9 (i), 18.08 11.31

9 1 7.67 17-68

9 (iii) 21.98 17.6

9 (iv) 22.56 16.30

32. 21.o19 16.6

3526,15 15. 4.

36 24.98 2o.

38 27.3r 16.87

41 30.39 13.34

175 23.1 16.75

3.90 21,12 21.61

229 28.'43 20.78

R.8,2. (i) 26.37 18,79

)Sedli 22.15 17.79

Sam- mw* collected from dnorm 14. and. 9 o
four or fIve ocOaslona, one mnth betwe n
domat-a.

.IC--.



Testing of retuwn snea or, anti-P. flo in -M antibodies

Infected blood was oollected from 82 patients and samples from
each oyopreserved in. liquid N . T ,i r-eight patients returned
from whom small serum samples iere collected. Four or thoeo patents
were subsequently found to be hepatitis B positive and al. blood or
som samples from those patients bad to be destroyed. As eXplained
in the Introduction it was decided to establish the t oenique for
Co ntinuous culture o P. faloiperum in. the laboratory' uondr acceptable
conditions ofr worker safety before, thawing out the cryopreserved
infected blood and testing the sera from the patients after recovery.
It was hoped that when thawing out the cryopreserved blood samples
not only would short-term cultures from each isolate be set up to
test the enti-plasmodial activity of the sera but also an attempt
vould be made to adapt the isolate to continuous culture.
P. faloineru Is nov established, in. continuous culture and. the testing
of the sea. is in. progress. Attempts to adapt the froen. isojltes
to oontinauous cultuxe hbav not been very' successful so far. First
results continue to confirm the anti.-plasmoadal activity- of ret n
sera.. Full details will be held. over to the next report.

i ii

J~inJ
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Tammit-v to Rodent M-:Alna Parasites

Introduction

The work below is a continuation of the study" described in the
Annual Report DAJA 17-76-99415 January 1979 , The following four
lines of investigation have been putsueds

a. lyiphoid cells involved in im=iwty to
PlasmodLum chabaudi in mice;

b. effect of non-specifio stimulation of theretiolo-endothollal system on P. Zoolli. and
P. hbui infections;

a. the effect of concurrent infections of
Mtoobacterzium le zomrIum on. P. oabaudi and
B3besia miototI infections;

d. remova.l of P. un . in iune mice
- affect of irradiation an the

removal process
- role of spleen.

Material and Methods - gonoral. onsiderations

PlasmodLum cbAbaudiL (A/S) strain. was cloned and supplied by
Dr D. WallIker, University of Ediuburgh. In C57BI, CEA and XIM vico.
aged 6-40 weeks, this parasite produces an. a to primary patent
parasitaomia. usually laatln aomn4 17 days.- A. period of
subpatenoay follows. Tn. the majoriLty of mice a. patent recrudesoence
emerees aromd day 28 and lasts 5-7 days. L fumther rearudeeo,,,e
around da'y 50 is soon in. some, moe. In the mjoriLty of mice the
parasite appears to have been eliminated 10 weeks after infection.
IT our laboratory the asexual blood stage of P. ohabaudi grow
synchronousl, sobixogony occurring around midnight. ELte trophoso± e
and schizont stages tend to leave the peripheral circulation.
P. j o (M4 strain), P. vinckei ettori and P.v. bruech attl all
came from Dr D. Walliker, UnLversity of Edinburgh..

PazsiLtized blood is stored at -198 °C using gl7corol at a final
onoentration of 17.35% (v/v) as the ozyoproteotive agent.
CryopWeaeoved blood., was, thawed rapidly in a 370C water bath and
in4e e& intraperitoneally into mice. Dilutions of freshly thawed
-I 4 wrep mde with 17.5% sol.bitol in salne. Subpassages, of the
par ate, wOre made every 3 or 14 day In orde to maintain the anti.-
geni char-acter- of the paasite.

HOPOrin at IL final concetration of 10-20 i.u./ml blood was
used as the sntioagulsnt s d dLlutions of infected blood wore made
IM SAnMks t balanced salt solution or tissue culture medius as inilosted,

* ParsaitasGMis wore isscused bry examination of tail blood smears
stfinedw O t Glesat Sta.in and recorded as parasitized red cells per
04 or l0-2 red Cella. Mieo were injeted with paxasitizod red cells

-#k J.
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:n-trapeitanealy7 (:..p.) or Intravenously (.'.) as indicated in
the text. All. infections were initiated with infected red cells.

Four inbred strains of mice CBA, A, N33 and. C57BL wer, used
at different times and they were supplied either by the Centre for
Tropical Veterinary Medicine, Easter Bush, East Lothlan, or Hacling
and Chuchill, Ibmtingdon, or were bred within the Zoology Department.

All mice were fed on Ozoid diet 41B and food and water were
given ad libitum. The mice were maintained at around 22c with
12hr light from 0800 to 2000hr.

Lymphoid. cells involved in impaunty to Qhaa~i mc

It was previously reported (McDonald and Phillips, 1978) that
imn Lt- to P. ohaboudi could be adoptively transferred to irradiated
sngenoio recipients with m m-w spleen cells, and with populations
of iimme spleen, oells oontoa-ninq predominantly eithor thymuas-derIvec
(T) oella o bursa-derzi-ved (B) cells. an a result of passing spleen.
cell& through nylon wool columns (Trizto and Cudkowlo, 1974).
The bet protetion was gin. to letha.lly irradiated mice with
untractionated spleen cells suggestine that one of the role- of the
T-cell was to aot as helpo cells in the produotion. of protective
antibody. Fintboi experiments which have been reported (McDonald
and Phillips, 1980) showed that in the irradiatod recipients of
unfractionated inm sploe cells. or enriched imnm.e spleen T-oiella
the control of the primary patent par'Staeomis. was associate& vith
a. rtle i= the, leovl of protective antibod in. the seruu of the =:Lee.
Th s6 obeervatim. also suggests that ±in-- T-colls. were. actine a&
helper cells in. the production of protective antibody. E

IM part o" a fuwthr examinatIon. or the relative roles of )
T- and. B-cOlls in the ime response to . imo cell
popu :tlons have been treated with anti-thymocyt(Rose o 1976)
prior to adoptive trasfr. In. the previous report the results
of three such experiments wore brlefly described in which the off ect
of anti-trymocyto soerum (ATS) =n unfroctionated immune spleen ceolls
or niched immune spleen T-coll populations were examined. Although
there was one anomlus result, theose experiments in general: indicated
that treatment of the immne spleen cells vith ATS before transfer
reduced the protection g iven, particularly that afTorded by the
imxme T-cell population.

Two further experimont.ar r described, In thisa report i= whichk
the effect oA-AS wos extended to sriched imm .. IL popu3Atious.
The prearation of the spleen cell populatoms wa& &s described in
a prvibu Anual Report (DAJA 37-75M-1620) and in MoDonald and
Pb1lUPO (1978). n baef, the di soolated sploen oells were
fLr t passed through a glaas-wool column at room temperatue to
remove doe calls and some mrophages. 'e cells which passed
tbhouh the glass-wool colum vere subseq'mtnly incubated = a
nylon wool colum at 37CC fav 43 sin. Vhee more m*"...a was then
rum trough the column the oefluent collis were predominantly T-*lls.
The cells whicih remained in the nylon wool colim could be dislodged
by mechanical. agiLtaton ad these, cells, were rich In U-cells.

_ _~ "
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T-cells were identified by their vulnerability to AT'S and complemeant,
and. B-cells by the inm~oglobulla on their surface (MaDonald and
Phillips,9 1978).

In the, first emperient with 9 mionths-old C3.A, male mIce the
immne spleen cell donors were sacrificed 58 days after they bad
been =einfeoted with. chbui The normal spleen call domors
were age matched controls. For imue spleen Calls, a popiulation
subjected to glass-wool filtration only (g.w. -I--*ocells , and
enriched T- ad B-cell populations were prepared. From the normal
donors$ spleen cells subjected to glass-wool filtration only wore,
prepared. From each of the four populations a sample was treated
with rabbit anti-mouse thymocyte serum (Roe at&. 1976) diluted
1/20 with phosphate buffered saline (PBS) and guinea-pig serum
diluted 1/3 with PBS and anothex- sample with normal rabbit serum
(MRS) diluted 1/20 and guinea-pig serum diluted 1/3. All the
cells were washed three time& and injected. "v. into 3+ months-old
-ale CDA. =Lce which had. been irradiated with 602. rads Z-irradiation

21=b previously. Each mouse roeeved 2*3 x 10"cell and for
each population of anti-thymocye ad normal. rabbit seruia treated.
cells a group of six recipient mice was met up. Two further
groups, of now-irradiated malo* wer, set up. The first group of mice
each received 0.23mLI L.v. of the supernatant from the cells
treated with. diluted. ATS and complement ad the second group the
same volume. oft diluted normal. rabbit seruis from the treated zellso
All the mice, were challenged with 1 z 105 P, cas I.v. immediately
after serum or cell transfer. The viability of the cells after
serum treatmeant was C.w.. NRIs treated normal cells - 90%, g.w. ATS
treated normal cells - 614%, g*w. MRS treated i--e cells - 92%6,
g.w. ATS treated +--a cells 40%, NRS treated enriched iftwue T-
cells - 75%, ATS treated enriched 4-ae T-colls -%,NRS treated
enriched. Lzmans B-cells - 78%, and ATS treated. enriched -me, B-
cells 78%.. The, mea parasitaawdas are, Sgive in. Figure- 1.
Surprisinglyr all the mice, given enriched. -imm T-cells treated with d
IM died.. Of the. micae giv-en. ATS treate*& inmunm T-cella 3 of 6

died. OXd. the. survivors suffered. fluctuative patent paraitaemiaa.
during the 33-day observation peariod. AIL that mice given MRS
treated normal. spleen call& died whereas 3 of the 6 given ATS
treated normaL. spleen cells survived, and also showed persistent
flL'ctuating patentr parasitamias. The mean peasiattemi~a in the
Mica given NB treated enriched ii--n B and NRS treated g.w. inmiue
cells, followed a. very s-imilar course, the majority of mice becoming
suhPatent by day 1.7. ATS treatment reduced the protective activity
ofr both. the ime B-ce3l poplation and. the g.v. 4--0e clls8.
There was nse, variation. within each group but there was an indication
that the effect of the ATS was the greater on the g.w. immue cells.
Te reduce4d. protective act*wtty of the treated cells was evidenced
A OU Szted primry patent perasiteemIa anct the emtergeina of
recadeet persIteAmias.. Ths, =m parasiteemias in. the. mie
given eupermatent fr =6i or ASS treated cells followed similar courses

In a repeat experiment with CRA Male aice, the iemzs spleen
cell donors wexr reinfected. 147 days before being sacrificed. The
reciPlent miLU* r4eeved, §00 vads XIrradiatin 214w before each
mouse, received 2.l45 z 101 ceLls i-v. Groups of six UCoewer
set up whichL received. the as. category- of treated cells as In the
Drevicuv eXPeriment. Groups roceivingr lIS or A.TS 3were not Lucluded.
All the recipient nice were challenged. with I. x 10 P.aabai
Perasitied calls Imediately after ceL transfer was completed.
The viablity of the cal. popu&lans after treatment with MRS or

ATS vSw as follovsi
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g.o. M treated nozml sploen. cell. - 9414 w.Vo ATS treated normal
oells - 39%1 g.w. US treated immne spleen cells - 87%1 g.w. A S
troated 4--o spleen cells - 29 NRS treated imm.n T cells - 96%
ATS treated. iumm. T-colle - 61; NRS treated. immo B-clls - 92%
and ATS treatod i-mm B-cells - 74%. Fluorescence studies shw.ed
that the imume T imm, B and g.w. Immune cells contained 2%, 44%
and 22.5% iinmoglobulin-boaring clls respectively.

The mean parasLtaemias for each goup after infection are given
in Figure 2. First, it is noted that the patent parasitaemia was
not first dotectod until day 6 compared with day 3 in the previous
experiment. Thus there ws a longer period for the hostts Iimne
system to recover from the effect of the X-irradiation before
recOiving the antigenic stimulus from the parasite. The mice given
the normal spleen cells all died. with, the exception of a single
mouse in. the recipients of ATS treated. spleen cells. Of the mice
reeo:vinr NRS treated. 4--. T-cells 4 of 6 mice survived, the
surriing mice boing subpatent by day 20 and thereafter remained so
durInC a 42-day observation period. The mice given '.w. 4m-o
cell& or 4--o B-cells treated with NRS all surv.ved and had simLl
courses of parasitaomias, the infection. in all mice being subpatent
by day 19 and rommlnn sot the peak prasitaomias in these mice
were lowe'than those of the URS treated lmmo T-cell recipients.
Treatment of the mmo B-colls with ATS in 5 of 6 mice hae no
sIgnifloant effects in the sixth mouse the primary patent
parasitaomia was extended to day 33. The effect of ATS on. the
g.w. Immune cells was more pronomeeds the peak parasitaemia was
elevated and the primary patent parasLtaomLa was extended to day
23/24 and in 4 of the 6 mice recrudescent paraitasomias appeared.

Th o resulta from thee, two experimet. show some sinmIlar-Ities
and. soma differences. First, the C.w. imme and. imm. B-oell
populations treated with NRS protected. the 600 rad irradiated mice
to, a. similar degree, which. followed, earlier results, (McDonald, and
PhL11pe, 1978, and previous Anual Reports), suggestine an
important role for both T and B memory cells. The affect of the
anti-T-oll serum, in reducing the resistance coa ferred am the
recipients, ws more marked on the C.W. imm.o cell recipients
whoih was to be expected, in view of the higher proportion of
T-oolls in the g.w. 1mo oll population when compared with the
mmo=D B--el1 population. The 4m. B-coll population, in

partiula, contained unidentified cells, which nay have included
orytboid cell precursors (Froemn and Parish, 1978) playing no
part n the resistano conferred en the recipients. These
mie t f~i.c cell& my hav*e. role in imm ity and need to be

invostiated. .L the first experiment the Imm T-oll recipients
wro- net proteoted. Tzn previous fractionation, experiments the
prateet oyv affeot of the iaw= T-coll population could be reduced
br Increasing the Irradiation dose of th. recipients from 600 to
800 or 830 rads It my be that the recipient mice in this
expermelt insdvertenty roce:Livd a. dose greater than 600 rads
or were particularly sensitive to the irradiation. In. the second
experimen the enrihed immo T-colls gave protection marginlly
1oo tb that associated with the g.v. mm.u cells & d treatment
with. an-A-T-call serum almost abolished their protective aotivity.
In oanclusion these two experiments confirm a role for both T- and.
B-0lls. Presamably T and B memory colls were being transferred
because the e.l donors were sacriflood 47 and 58 days after their

ast reinfealo. Work under the present gurat suggests that at

m • |



43

2.

'Irv

:A VT t IaCT11

Ftgur* 2. Curs fP bbH neto nme rai dwt

60 rdead njc~dL~.wih ihe 24 x10cas-wo

Fi ~red 2. -Course cell j t ifcin nceirated with *t~ nihmct *u

(iTS) (0-) or normal rabbit serust (NmS) (0-0n), 2.45 x 10 6 inam

B-celia, treated with either ATS (&--&) or NES (.),2.45 x 106

imun T-oells treated with either ATS (0---) or NRtS (an-0), or

2.4 x 0 6glass-wool fltered normal spleen. cells treated with

Oither ATS (lw..) or NRS(vm)



27.

this time the donor mice were not infected and that antibody production.
dotected as proteotive anutbody or by the Jrdect fluorescent teut
(33wAT), w"emn±i

Previous woric (MoDonai-d and. Ph.l.ips, 1980) suggests that amg
the inu--e T-cells are helper cells which induce proteotive antibody
by the few contaminating B-cells in the 4-o T-oell population
or mote likely by those B-cells which survived. irrediation. and those
produced by the recovering iue system in the irradiated mice.

The rate at which the iamz.e system of irrvadiatod CRA mice
recovers after 600 reds X-irradiation was examined in one experiment.
Four-months old male CBA mice were IrrAiated with 600 red. 20, 12,
8, Z . 1 day before being injected with an iop. injection of
S x 10 sheep red blood cello (S DCS). The irradiated mice were
not given any spleen cells from non-irradlated mice. A goup
of non-irradiated mice also received sheep rod cells. Ton days
after reeving spleen cells the mice were bled out and the level
of anti-sheep red cell antibody measured using a. h em lutination
test. The results showed that the mioe irrwtatod 1, 4 and 8 days
before receLving sheep cells made very lttle detectable antibody.
With on increasing interval, thereafter, the mioe showed an
increased ability to produce anti-SRBCS antibody but evvn 20 days
afto& Irrudatian the mice had antibody levels VhLch were still
lees than hal of those in the control mice. In relation ,O the
cll transfer studies these observations show that the 600 rad
irradiated mice have an J e system which is itself capable of
production of low levels of antibody but which after 20 days is
still performing well below that of the control mice. Thus the
protection given by i-e cell to irradiated mice, at least
that mediated thouagh protective antibody, would be expected to
ome from,. in. lage measure, the transferred cells rmtho= then the
reciplants owr. iIme. system.

In. the current expezimnts the role of individual subsets ofT-aolla. is being esmaa etd, I. pert'iola the role of helper oells,cytotolzi. T-cells and T-cella modi&ting cell-modiated imue responses.

rVo further transfer experiments were carried out but the
detaileod results are not given. These experiments were c ried 4'

out because there was a period when irradiated mice were dying
unepectedly after cell transfer and ohllenge. In the first of
those experiments wivh CDA mice spleen oell camne from mice 99 days
after reinfection and populations of g.w. iJmme spleen ells,
eaniched +-ine T spleen cells, enriched inue B spleen cells and
g.w. noz.ul spleen oells were injected into sy enac 600 red 6
irrad a ed or nn-irradiated doeo Each mopoe recelved 3.3 x I0
ceILls a.~ nd immeditely afterwards 1 x 1C P-o-ed parasitised
celA i. . Ta. all the mice the peasotam.a was slow to develop,
Im 1-adated end. on-Lrrad .ted moo the, diferent imeme cell
populatLa.a wee ecquLl ofeotve. The pazssitaeni were
extended In the Lwalated mioe. n the second experijmnt spleen
ceoliU am from CIA Cesale mLae 105 days after roeinfe tion. C..
IimUe or aceL spleen eolls we inected i.v. into 600 red
iradlated. or nog-UmmdIated wiugaenic recipients, sea. mse
recei vlng 3 x 100 ell , The me Vere ohallaged vith 1 z 105

. ch-4 " porastLed red cells 1:., imwmeitely after cell
tM=Sier. Aga4- the peMaS£tamias in the naon-Lwradiated mice were
lower the is usul ad the course of the primary patent pere.sitaomas
In the irmns n ndosiL spleen aell reopients CoLoed essentially
&stMlar e6r. A the 1:redi^tod. mioe, hwever, the im e cell
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recipients bad patent perailtoemiaa of a sililar dim ti to that
in the non-irradiated but marginally higher. In the irradiated
mice the recipients of no-mmo. cells had raoded end spafiocantly
mor acut patent perasitasaia. Theso two experient. Illustrate
the somewhat variable respon e of mioe to irradiation, the variable
protoot arn given by imm spleen cells from different roupe of
recovered, mice, but do confirm the value of using irradiated mice
for domn trating the protective activity of a-o cells#

The effect of nIO-eaocifio atmul"tion of the reticulo-

endotheial atem tn Pl muodlum voelii

and Ls i~ infections
(with A.S. Morton)

Vorking in our research group du-Ing the onotract period a Final
Ronour, year student (Mines A.S* Morton) carried out a small project
ezamining the effect of ne....epecifIc 3.38 stimulstore an rodent micria
infections. Tbe results vero of Intereet and are briefly reported
here. The ,timalanta used vera pai. tane (2, 6, 10, u-tetramethy3-
pentadecane) vhlch is am oil, Preund's acomplete (Pci) aind Pround' a
incomplete adjuvent (PTL), both beong emulsified with an equal volume
of phosphate buff ered saline before injection, and diethrlstIlbetrol
(DUS) which vas dissolvod in oz oil at a concentration a' l4naml.

Groups of A2G mcL vaese injected .. p. with 05 1 Pristno610,
.o& 2. days or 10 mia before being challenged i.p. with I x 10

P& voelll pcrasitizxed rod cells. A. urther Crcp were given. yritc..
1.. days before the mice vos injected. with. I x l0 parasitied red
cells; iov. Control groups vw*r given saline Lop. and. challenged i±
o- L.v,. Tha mean paraltaml.a of each group shoved that the early
rise in. patent parasItaeoLm was si= tioantly delayed. in the mice
giLvem prIs tan. I days before info. tont am days 3 and I of infection
the parnaltamia was s4Licantly lover (P>0.5). Priatanse given
10 min. before challenge had no effect suggesting that this subet-ce
had no signiicaut direct mantL-paasLt:Lc activity.

Fl4imd' a AdLuvent

Groups of 'A' strain mice were injected with 0.25.1 of
emlailed FCA i.p. 10, 3 or 3 days before an i.p. challenge with
L = 10 P paraslti d, erytbroctoe. Another group of mice
Oven, amlAified FCA vwe sixmila Zr challenged intrLavnousl 3 days
aftev receiving the adjuvant. Control. groupe were given, 0.25a1
saline i.p. and halenged Love or t.p. The mean parasItalmmas.
are shanm in FIgae 3 whor it am be seen that the onset of the
patent parItasttia was s41Pifioomtly delayed in the micA given
the 1CA and challenged. lop& The longest delay was n. the mice
given ?CA 3 days before challenge, folloved by the day i..5 u
and. least deloyed vem the day w.O =A group. The groupg
ICA. 3 days before en Lov0 challenge bad & peraaitamI4. which
followed that of the control groupe.

MAL second experiment group. Of C 5771 mice were given 0 .pml
emlsified. rCA. owr VIA 3 day. before Lop* challenge witiL 2 z 10

L..xU.pmzasitisxed red aellso A further group received 0.25-2
HOEi~ ,l M .1m- befresm loip Osang, with .. a .

L0-.o- o
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Cotrol group L % alain:.pvj el..gee Id. ohaLlenipe oriv, The mean per4witasmias showed that the onset of the patent

parsaema a agai de1&7e& In. the micfe girven emulfied CA
or FIEA 3 dars before challeng and tha the a*=** of th* paraeltasmia

in the two groups was aimllaro The cours. of the pornastaemasI
the control. groups and the mdoie iAven PT-A in before challenge
followed simlar ouuses. It vau3. appear, therefore, that the
FI.Z had no aigegifcant directly antiparaitic activit and that
PIA. and. FCA. were equallT active.

In. a. third experiment groups of A strain m*e 6 were given 0.25m,.
emulsified IT 5 days before challenge with I x 10 P. ohabaudi
parasitized red cells. The mice were challenged ip. with either
ring stages or late trophozoite stages of tho parasite. A further
group of adjuvant treated mice were challenged iLv. with late
trophozoite stages. Control groups received 0.25m saline L.p.
and challenges were made L.p. or i:v. with ring or late troph zoite
stages. The re.ults showed that the onset of the patent paraltaenda
was delayed by 3-4 da7a in the mice give= FA. and. challenged Lp.
and the lemgt of the delay was the same In the mioe infected
with rine stages and late trophosotes. In the mice given FTA but
challenged by the i.v. route the porasitaemia followed that of the
controls , Thus the antiparnatt activity of the PTA appeared
to be confined to the peri.t,-eal cavity and that different stages
in the ase=ua growth cycle in the rod blood cells wee equ lly
vulnerable to the antiparasitL. effects inducod by the adjuvant.

The non-speoifiL stmulator activit-y of pristane and eus=fied
F7. was ilveatigated by eamin the in vitro uptake of sheep red
cells (sWBCS) by mcrolhages from the peritoneal cavity of stimulatei
and control mice. A strain mice were injected iop. with 0.5ml
of pristane, 0.25mL emulsified MCA, or 0.5ml. sallne. Three days
later peritoneal. exudate cells were collected by peritoneal lavage
vith RMM 1640 medium containine 20mM Hapes and 20 umnitjlml hep&%rina
Tho perltoneaL cells were vashed, resuspended in RPMI 1640 (cont 1k41
20m Hape., and 5% foetal. col serum) to a concentrati-n of 1 x 10 /mn-
and. one .lilitre of the cel.. suspension put into Leighton tubes
vth fly1ng coverslip1 . The Lei4htoa tubes were incubated. at 37 C
for 30 mi. at the end of vhioh time the rmedum was removed from the
tubes, remavinC the non-adherent cells, a d 8replaced with one
millilitre culture medium containing 1 x 10 washed sheep red cells,
The tubes were incubated for a further 23 at 370C. At the and of
this second incubation period the coverslips were washed, air-drIed,
fixed in. methanol and stained with Giema' s stain. The stained
macrophages were than examined and the percentage of maarophages
in 13 oil ienernion fields conta.inn ingested red cells was
calculated. It va fomd that 48% and 34% of the mecrophaee
from PCA. and pristane, treated mice respectively contained Ingested
red cee comuaed. with 124% in the control macrophage. idioating
that the stimalatory substances had increasad mocropbag., iity.,

Ma view or the feet that it Is mown that 4mity. to La
sz &ahhuLIn pert at leat mediated tho antibody and.
that pil ayiooT aL of parasites and parasltized red cells is seen
to oeow in infected sanmls, probably in part mediated by
oPSNiaing amtlbody (Mamburger end Kroier, 1976), it was decided to
exae the combineda ffect of antibody and pre-trea.tment with
omlliied PTA an the couxse of a P. and P. chabaud4 infection.
Iinme seru was collected from adee which had. recovered from
infeation with one of the two parasites and had been reinfeted with
the same parea e 17 to 42 days before the serum was collected.

MC. thet first of these einperiments gros of C 5731 a&*e wor giren
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0.25.. of eulsii.ed P1 (, group) or salino (a- groups) i.p. 3 days
before challenge i.p. with I x 10° P parasitized. red cells.
Immdately after infoction a group each of rT.L and saline treated
mice were given 0.3.1 + -e serim Lop. A further group each of
ML& and. sal.te treated mice received 0.3l. normal serum i.p. The

third group of M1L treated. mioe r oeived the challenge inooulum only,
The results showed that from dvy 3 to 7 inclusive the patent
parasLtaemlas in all the mice receiving FTL and in the mice given
i-m serum and. pretreatment with se4-o, were s4= Liountly lover
(P>O.05) than that in the mio pretre&ted with saline and subsequently
given normal serum or saline after challenge. On day 8 but not
day 9 the par asiteaeia in tho mice protreated with PTA and injected

ith imo serum, was significantly lover than al the other groups.
M. the second experiment of this paiz the same protocol was followed
except that A2G mice were used and that 0.7m 1 or normal serum
was injected after & ohallene inoculumn of 3. z 101 .
parasitiaed red cells. The results were easentially the sama an
those of the first of these two experiments. Mn. all mico the pre
treatment with FTL and injections of immiuno sertm in saline pretreated
mice dela7 d the onset of the patent parasitaemia. In. mice pro-
treated with PTA and injected with 4-s. serum the course of the
patent prsastaomia. was delayed by a f uther day compared with the

*mice given adjuvant or- !' -e serum alaoe 72Thi pe&ir of experiments
suggested. that there was an additive antiparasItIc effect of the
III and. the imme serum but no good evidence or a synergi, tic
effect which might result from the presence of activated macrophages
and ops mixing antibody.

Diethlatilbestrol

Groups ofr C57B31 mice were injected iLp. with lrAg DES in. 0.25.31
Co= o.1. d asT, 1 day- or 10 mi. before ax. i.v. challenge vI
L =0 P persitxKL red. calls. Cotrol mice received
0.Z5m3. corm oil 14 days or 10 min. before the i.vv challenge. The
rosult of this singl. exper-Iment were inconcluslve. In. all the
mice peak para taetia. occurred. on day 8 after which. the par-sitasia
went into rowmisin. Between days 13. and 18 the mice given corn
oil 10 min before challenge showed a. si o. iunt recrudescence with
the paraeltaeta reaching a mean of 28%s in none of the other groupso
i.e. the DES treated mco and the day -4 corn oil control, did the

* recrudoscent paraesitaeiaa go above 7%, in all group. apart from the
DES day -L group the recrudescut parsitaemia. rmining below 2%.
In. conclusion it ct= only be tentativoly suggested that the DES
given one day and 5 in before oballongo may have reduced the
recrudescent parmaitaemias and that corn oil alone given on day -4
cuw hay bad. an. antIprasItiac effect even though the cballenge
infecti.M was give= i.yr.

Pftstanoe ITFI and FCA vhe Injected Intraperiton oa.y all gave
mice *am protection against an I.p. callenge with P. orli

L~s~ma~J.The effect of the prns tuoe was shorter lasting then
that associated with the other two agents when given in the quantities
us d. The resultIn antIparoaite activity apeared to be confined
to the pe'mtoneal, cavtty because treated mce oballeagod i.v. we
not protooedod. The thee agents in themselves did not appear to have
stam'ntipirasItL activit7- beoaue -ice which wer challenged i.p.
ixmediato3y- after injectionL of pis tano or IlL. had a course of
tufeetem whicht followed. that in the controls. The results suggee ted
thet the optimi. effot was obtained when the stImuIaor agent, were,
CLim 2-3 days before the moco vere, In.eated. eLe =LOWInjoeted. with

.-r •" E MA-



oither pristane or emulsified FCA a greater proportion of the
macroph me collected 3 days later were shown to have non-specifio
phacocytic aotivity, suggesting macropage activation. It is
likely, therefore, that an increased phaeocytosia of parasitized
red cells which initially results in. a. sellesz number of" parasites
establishing in the cirulatin, would occur in. the pretre&ted
Idoo. All the mous* strains used were inbred and challenges
were made with infected red cells of the same strain of mouse as
the recipient mice. Removal of the infected red cells by
phagocytoois in. the peritoneal cavity of the pretreated mice
would, therefore, be expected to involve the recognition of some
alteration of the parasitized red cell which would allow it to be
distinguished from the non-infected syngeneio red cells.Exprossion of parasite antigen on or inserted into the red cell
membtrane is associated with a. maturing asexual parasite. For
example, the agglutintion. of P. Xagwlost inf cted red cells by
ime serum only occurs when the parasite has reached the late
trophosoLte/sOhisout Stage (Brown and Brown 1965). Vhen the
effect of pretreatment of mice with PTA on ring stages and late
trophosoite stages of , was compared, however, the
onset of the patent parasitaemia wa similarlT delayed in both
cases. In repeating this ind of experiment it would. be, better
to, include groups challenged with very yotm stages and sohisont-
infected red cells. Tool (1966) described the protective effects
of four injections of M04 i.p. before mice were infected wLth
. letbha dome of P. vinckei by the same route. He attributed the
protective effect of the FCA to a non-specLfic stimulation of
the AZS in general whereas it is very likely that the protective
activity was confined to the peritoneal cavity and was dependent
on challenge via. the intra-peritoneal route.

Cottrel.L e 1 . (1977) describe the protective effect of
1W of diethyletilbestrol given a. few hours before an i.v. ohll ee 1
with eitherp P. vnkL or BabesLa microti. In the case of
P th, protective effect of the DES was to delay the. onset
of the primary patent parasitaemia. It is, therefore, surprising
that a similar dose of DS had no obvious protective activity
against P. vlael, a parasite in many respects similar to
P- vickei but less virulent.

The effect of oowurrTnt infectios of Woobaotezlum

lomemurlum on P. chabsudl and Babesia mioroti infections

The, folawine experiment was carried out in. collaboratien with
Dr .Ni. r ovmo (St Mary's HospLtal Medical School, London). The
induaclo of non-ep LfL resistance in m:ce to- rodent plasmodla
(en proplasms br p ddstratlon of agents, such as Bas
(Clark OPtaL, 1976), 9aINUObatrIu ayi (Clark W- &i#3977)
a" INN (Clark, 1979), has beeon described. The
basis of this resistane has beeon explained in terms of the
production of a soluble non-mantibody agent which mediate@ the
illin of the parasitized cells.

IA this experlmont the effet of priaor infectlon of CRA
mice with the intracollula bacterium causing mumzns leprosy

124M) anmwiP..(i'ai) on and. mirt infection is
doscribed.
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Ftem@* eCA. mice wore Infected with a standard Inoculumof 1 z 10" M. loo:emp:!um i.yo 79, 107, 123 or 151 days before
an i.v chaleng wit I x 10 P. ba parasitized cells.
A control group of iLe received the m P inbod, In 6
Inoculum. In. another experiment mics. were infacted with .I 10
B. mioxoti infected red cells i.v. 144, 172 or 188 days after
infectlton with M. levraem ium.

The parmsitaomias following challenge with P. ohaudl, are
given in Figure 4. Prior infection with MLX modified the
course of the P. ,habaudi infection.

In the controls the primary patent parasitaomia showed two
peaks aromd days 8 and 19 and when smears were discontinued
an day 35 a further recrudescence was Just appearing. The effect
of the MrM was to delay the oet of the first recrudesoonce
to the greatest extent in the day 107' mice, followed by day 123
and 79 and eat protected were the da 151 mice. On day 28
after P. obabAuL infection all the mice, together with non-
infected control, were injoted i.po with 0.2ml of a 3% suspension
of sheep red cells (SRBCS). The mice wore subsequently killed
7 or 10 days later their merum collected and the levels of anti-
SRtCS antibody determined. The results showed that therv was
small elevation. in the antibody levels in the days 79, 107 and
12:3 MM mice over the P. ohabaudi controls, the dar 151 :24 mLoe
and the non-infected controls.

After challenge with B. microt i all the MR infected mice
demounstated strong resistance to the parasite. Some mice in
all MIM groups showed no parasites an. in others there was a
law level short-lating patent parasitemia. The control mice
suffered, a. typiocl aoute B. Microti Infection.

The protective effect of the MM infection was sipiifoantly' *

greater agains-t Bmco&than against aul ad. was
unfUorml y offstye in groups ag thfomew but not
against . AgaiXXt P. Cb&nst the protectiVo effect
was not to delay the onset of the patent parasitaeomi but to
reinforce the developing immame response in the infected mice
and prevent the first recrudescence seen in the control Lce.
That Is, the oontrol of the malaria infection was a combination
of a specific and non-speclflo antiml-arial response. The
protective activitT of the HIM a.gajnt Ps gpgj appeared to
Increase with time after infection reachin4 a maximum around
107-123 days after infection with ML4 and thereafter deolined,
In. the MM infected mice, after intravenous inoculation of the
o guams, the bacterium preferentially invades the ymphoi.
orgnLs&. As the infection developi there ist a. progressiveo
depletion of l1mph*i cells and replacement by, maropages iU
the thymus and in the lymph nodes a roplacement of tho immmo-
blasts in. the T dependent areas also with marophbagee (Ptak
Mljjjpp 1970). Cell-mediato. imoune, responses te heterologou
safti are severely impaired (Ptak.gjg ., 19701 2 a&Iee,,
1977 but :antibody responses are not, Although the "le of

e med ated responses in imitr to ch A '. net
clear it may be that in the later stages of MaM infection
the no-spelifo resistance to P iaui resultine from. the
MXM infection is reinforced to a losser degree by an impaired.
specific (cell-medi*"td) 4imwe response.4etJI1
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Coebaot erIi-a and BOG, which both gave subotential.
i not completoe reofstance to B t (Clskri. &1s., 1976, 1977)
were found by th e workers to be lesa effectLv against P.L
or .z. M14 infection gave the Same overall result * The
I target cells of the nao,-speoific ime response gene.ated

by BCG, C. serym and other agents (cox, 1980) is thought to be
rapidly dividing parasites withi., the red cells. It is not
generally thought that these agents stiamalate or act in. a co-
operation with the specific iA-e response but induce the formation
of a soluble non-antibod7 factor which directly or 4ndirectly
produces intracellular damage. The experiments with X4 suggest
that the effect on B. microt: may be mediated through a non-specific
mechanism, such as a non-antibody soluble factor. For P. chabaudi
however, this may not be the case because the antimalaal activity
was not significant umtil after peak paraitaemia when the primary
specific immmi.. response to P. chabaudi was underway. It could
_bethat that 14, had an adjuvant effect.

The effets of ira"iAion on the ac auied iLmm-
to P, ObAL

Tn. an 1=veetigaMtion of the mechanisms though which the Infected
mouse removes Infected cells the effect of irradiation at different
time& during the course of an infection on the ability of mice to
control thel infection, or a. challenge infection was examined.

In the first experiment female N- mice, 5 months old, wore
infected. with I x 10J P. ch'abaudi parasItIzed red cells i.v. and
divided into seven groups of six mice. Groups of the mice were
izzadiated w-ith. 600 reds XLirr dLatin on daye 3, 6, 8, 10, 13 oi
LT aftea- infection.& On* grouvr was. left non-irradiated. All1 the
irradiated mlo. wert, given towranicin. in their, drinking, water r=
the duration. of the experiment. The mean paraeitasenia for the
seven groups are show= in FIg=e 5a. The perastasmIA became patent
by day 2. Tu the mico irradiated on day 3 (Group i) two mio
died on day 11 and a third mouse on day 16 when the parsitaseud
was declining. In. this group the acute phase of the parasitaeia
was delayed by One or two days compared vth that In. the controls
(Group 2)t in the surviving mice the para:ta.eL became subpe.tent
before that in. the controls ad the reorudoscent parasitard.e
(days 19-27) emerged before that of the controls (days 24-33)
and was more savore. Unfortunately all the mice irradiated
on day 6 (Group 3), two days before peak parrAitaemia in the controls,
eventually dld. Two of these mio, howeve, su'r'ved to day 17
and. 20 and in these two mio the course of the pemraLtao.aL up to
death. followed. that of the. controls. None of the, mice, irradiated.
o dar 8, peak pa;.taeml., subsequentrly died. The, i'nm r
patent pakat-taemIa In these m:ice folowed that of the contraoa
but the recradencent p alrtasmia appeared moe quickl- (day8
17-U21) then that In Groups 3. and 2. In. Group 5 mice, irradiated
on day 10, the decline In the primry pazasiLtasmia was arrested,
end subsequently the paaesitaesmia rose again before becominr
subpatent an days 19/20p at the *am tinm a the o,-Meol&. Two
of GWoup 5 mice died whe, their infections; were vubp&t and.

4w4
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Fiure 5. Couase of P. chabaudi Lmfection in mice irradated with

600 rad&- on eithor day 3 &-- day 6 P-4, day 8 (0--q, day 10 (--0)i

day 13 (sS) or day 17 ( .) after infection. Non-irradiated

mice (00).
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in the rewaning mice th4, recrudeeonzoe was dlsyLed im its
appeao when compared with the controls . In the mice Irradiated

on day 13 (Group 6), when. the pa.sItaemia were only Just patent,
the patent p.rauitaemis. was extended and r.os again before becoming

subpatent on day 21. Again in thes mLo, the onset of the man
recrudescent prasitaema was delayed (onset days 29-35). Finally,

in Group 7, irradiated on day 17, a lo persistent and usually
patent pr"itasLaemia followed which developed Into more substantial
recrudesoenoes aroaumdL day 33. In. sumsary, therefore, the effect
of irradiation was dependent n the time it was given. Irradiation

before or on peak parasitasmia did not extent the primary parasitaomLa

but precipitated a. remature reozrudescenoe. Where irradiation was

delayed until the primary prasitaemisi was going into remission,

the decline in the parasitaemia was arrested. Thus between days
10 and 17 the meochanin. through whiLlh th e parasite is removed mar

include a radlosensit:Lve oompo net althougf it may be slipl.Icant

that Ji these, mice the arrest in the decline of the pa atei:Lia
Was not immediote but was evident on, the second day aft Irradiation.

Thus the, mechanism throughL which the parasite. are removed mar
itself not be rmalosensitive but some immediate, pocurosor of' this
process, Such. as macrophage, precursor cells.

Mn. the second experiment not only were the Infected mice
irradiated with 600 rads at different times during the inf a'tion
but a -mbe& of mice in each group wer reinfeated with a. large
intravenous challenge of P. ckabudi infected red a ilsw . aeen

weeks old female C0A mice were infected with I x 0Om

infected red colls and divided Into seven groups of nine mice. o

each occasion, vithl, each. group of nine mice, three mico were

Irradiated and redzfected with. approximately 5-' x: 10 er11ie
cellsiv, throw mice, were, irrsadiated. and. net reinfeSated and. the,
reaing thres, mice were, rInfected. only. on, o= two 1sinfected.
mieo of the same age and. sex as the expormental. moe received.
tha challenge infection = each. cocasim. Groups of mLo, vers
treated as above- an days 11 3,. 17, 21, 27,. 31. ew 3T.. A. twthoxr
group or si control, mice were infected but were neither Irradiated
nor reinfeoted.

The mon parsaitaomLas of each group or subgroup of mice are
shown in Figue 6.

Control mice (Groucp I

The paraltaetd. followed the expocted course, en acute patent
primary perasitaesm, with .4pLe peraaItaesa onm day 10/11, bocoming
subpaten: aroDmA dar 16/17 and a Patent recrudescence, occurrin
between day. 24-25o

Esif ctin n dy'11(Grouse Z)

The n-a ed mice controlled the challeoge and the,
parsi taan became .ubpatent at the same time and the mnset of the
iecrad ecence Vam at the same time as In the controls. Xn the

ira d.at n mica whLot were not reinfected, the patent parALtaomla
vas e.einded by 4.-5 days, and. of the two surivin mle only oe=
shoved a patent recoudescence ad that on day l. Uf the three

ma oe hoh were, relefeStedand. Irradiated, thse pas itaeuia o ve
the sue edn tooee dayiw watched the aelinng prawta sad. or the

L.da Ad ~at/@hellawged mice. Thereafter the patent pazsitaemi aLa exedd-sf h o~rbe iItdgopbctvr o
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Figure 6. Course of P. Ira*Md infection in mice either irradiated

after infection or irradiated and challenged after infection.

- infeted mace irradiated only (0-,e). Infected mice irradiated

and. r*einfected (0-0). Infected mice challenged only (bmh&).

Challeng, infection. only ) Infected mice not irradiated or
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Reinfection day 11 (GrouW1

Dr thin time the pieture as changing. The nn-.irradi ted
mice controlled the challenge infection and. were subPatent by
days. 18-20, about the same time as In the controls (Group 1).
In the reinfeoted mic, howevel, the onsot of the reorudeomoeO
vas delayed to days 34-3T, some 7-10 days later than the controls.
In the irrd lated/reinfeoted mice the challenge van controlled
almost an effectively an in the non-irradLated/cha Ieged mice
and again in theme mice the reorudescont paramitaemLa were
delayed, commmcing on days 36, 39 and 46 in the three mice.
TI the irradiated/not reinfected mice the irradiation lengthened
the primary patent paraistaemi . by 7-10 days over the controls
and two mice inducod a small ri e in parasitaemia. In theme mice
no rsiariescent param:Ltaomia, was detected during a 50-day
observation perod.

R*eqetion. dar 17 (2groun s)

The non-irradiated. mice, two of which were subpeatent at
challenge, rapidly controlled the parasites and wero subpatent by
day 22. Sigaificantly the reorudescence in these mice was
delayed to days 41-143. In the irradiLa.ted/ohallenged mi.e, however,
al three of which were subpatent' at challenge, one mouse
controlled the par. ites as rapidly as their non-irradiated ooter-
parts, but in the other two mice there was a small drop followed
by a. sma. rise in the paramiteemie. becoming subpatent by day 25.
In these latter two mice no further recrudescence was seen but
in the irradiated mou o which rapidly controlled the challenge
a recrudescence was seen between days 37 and 41. Two of the three
mice which were irradiated but not challenged were Just subpatent
at irradiatIon. zAd thens mice subsequentIy recrudosoed. at about
the sane time as the controls. The third mouse had a. low patent
parmasit*emIa when irradiated and this persisted un.til day 27, and
a patent recrudescence appeared on da 43. A

Reinfection dar 21 (Group, 5)

The ability to control rapidly a challene infection had
diminished by day 21. In the non-irradLated/challenged mice the
p rnsitaemia rose to a peak two to three days later, matchin the
rise in the non-imume challenge control, finally being reduced
to a subpentm level by day 27, No roerudescen e were soem
in them* mice inu a 37-day observation period. In two of the
three irradiated/challongod mice the parnsitaema was still very
high four days after challenge and two of these mice died two to
three dayw- later. The third mouse in this trio controlled the
ohallong t L mubpatent levels by day 28 but died. on day 41# The
mc e irradiated but net challenged wers subpatent or just about
Subpeatent when irradiated and these mice subsequently reoradesoed
at a. time, vLthi the range shewn in the controls.

At this time the majority of the mice were just Legi=U,.
their recrudescont par.sitnems followine a poriod of subpm . try.
Although the challenge infection In the irradiated and nan-irrAated
mice initially incroeaed the patent paramitaeemia the subsequent
course in both groups matched that in the controls. In the
irrudiated/non-infeote4. mice there wasn no evidence, that the
Lr-adI&t-Laz bad. our effect althog surprising two of" the trn
mie did. not ob a rearudesconc* unti d&T 41/43&

4ek -
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Reinfectian dur 31 (Grou= 7)

At this time most of the mice ereo controlling their
recrudescent perasitaemias and irradiation had no discernible
effect an the abilltr of =oLao to control the ohallenge or to
reduce the, reorudeacent parasitaemel. to subpatent levels.

ReInfection day 37 (rouv 8)

By day 37 aome of the mioo could have reduced their recrudescent
parasltaeuias to a subpatent level some 2-7 days previously. None of
the irradiated/nn-reinfected mice war patent when irradiated end
remained subpatent. TA the reinfected mice although in the
major t the challenge was not removed as rapidly as in the day 31
mice there was no good evidence that irradiation reduced the rate
at which the challenge was removed.

This seoend ezperiment confirmed that irradiation of m:oe
after peak pexasitaemia, days 10-17, when the parasitaemia vas

In remission but was still patent, delayed the paraitasmia. going
into subpatency (irradiation an day7 13 resulted in. the pcrasitaemias
beooing himh ), and delayed the onset of the recrudoscent
parasitaemia. Tus irradiation during thin period of remission
increased the antigenic load and presuaibly the antigenic stimulus
which the mice received which was reflected in turn in a loenl in
the onset of the recrudeocences. SimALarly where the ncni-irradlated
mice were re:infcted en day. 13, 17'r.o 21, thereby increasing the
ont4 igeni stmulus to the mice when the pnrasitaem-I was going into
rem sLson or had Just become subpatent, the onset of the recrudoscenc4
was delaye&d by approximLtely 8, 18 and >34 days respect:vely.
rrdiLatiLo= of mice on day 21 or thereafter had no obvious effect

on the course of the, paraitnemia. during the. 50-37 day observation
period. Recent worL I= our laboratory (HcLeAn. and. Ph131-ps, 1979)
showed. that In.P obijg infeacted N3 mice the ability to control 4
a. large& L.v.- challenge of P.oabU infected red cells rapily~
declined between the onset of subpaten aftsex the priuz7
pamaltaemia and the emergence of the recrudescence. Coinodent with
the decline in the patent recrudescence,, a challenge infection was
rapidly removed but thereafter the ability to remove a large challenge
infection dMini4shed with time. Reinfectien of the non-irradiated.
mice at different tmes in the second experiment gave simlar
results. The oourse of the parastaemla after reinfection of the
irradiated mice on each occasion reflected the pz4sitasemias in the
Other two subgroups# that is, the irradiated/non-reinfeoted and
reinfeted/na-Iraivnted mice. By this we mesa that the initial
ontroI Of the chQ3ACleg infaction followed that I= the non-
irradiated/relutected. aLO& but the duxq~tiLom of the subsequent
Ratentt PSIMsitamia. in some mice, would. follow that inL the irradiad/

con-veoinfeoted mice,.

Mm slinzy the effet of 600 rd irradiation. Liven between
days 3 end 8, day 8 being peak paresitemia, is to precipitate
a more rapd appearance of a recrudescent parasitaemia but not to
Affect the duration Of tho prima~ry patent pars. itasMif. Irradiation
am days 10, 13 or 17 eLtended the patent primary paz% sitaeod.a and
for Irradiation am days 10 o= 13 to delay the meset of & patent

Prlminary experiments using a. cambon clearance, test (Velv
L97) on the Infected mice did show any reduction in earbon
oleaxoee rates after irradiatiam.

!"lp
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The importance of the spleen in Immity- to malaria, parasites
has boen well documented. but details of the prooes, role(s) of
the spleen are stil. not clear although. it Is generaly assumed
to be a. source of antiperasitic antibody and a& site of phagocrytoais,
of parasites an/or parasitized cells. Ini eVeriments described
in an earlier report (Annual. Report WA. 37-73-C 34.92)
phagocy-tosis of P.j ghad JInfected red cello contalinn late
asexual stages bry phagcoytes In the liver and spleen was reported.

The 4--on mechams through which the parasites axe removed
are rapiLdly acting as deumntrated in the following emps ment.
Three months old m"ae MM mice wero Infected with 1 z 10V
L "kg infected red callsa from which the mice recovered.
Botoe dys30 and 5Z and am. day 9Z the nice vex-* reInfecrted wiLth
7 210- parasitized cells i.v. OzL day 107 tour nice and =n aged-
matohe@4 normal control were reinfected fow the. third time wiLth
7 xr1 0 parasitized cells i.v. at OSO~hr when the parasites wer
at the ycune rine stage. At 1TI1wh Z~~i I~nfected donor
adoo, were bled. and the parasites (late ringc stage) put into
JAUIka= culture following the Trager and Jensen procedure, with the
Zio~1tcanthat the RaM 164.0 containing 10% fttl calf serum and
not normal mouse mom=. Eight hours later (021.Shr) the .mjor-lty
of the parastes in culture were at the late tropho. cite or sohIs cut
stage, reinvasion had started and there were some free mrooites.
At this time, the cultures were discontinued, the blood cells
washed twice with and finally resuspended in RPHI 164..
Approximately 3 x 108 of the cultured parasitized cells were
Injec ted i.r. Into eachL of four more immm. mice and am age-matched
non-imme control. The course of the. prmaitaemi" in tha two
groups of imm.e and th, control mice. am. given in Figure- To. In
the non-Immme control mice for the 08002a' challenge the parasitamiLa
was maintained during the day dec"in-ing slightly towards midight
as sohisogony approached. and sohIzont stages. were sequestered. in.
the deep tissuess a a fey schizonts were seen in the peripheral
blood smears in the earlyr hours of the following mo-ning. In the
4--o mice reinfesoted at 0800hr the parasites continued to grow
normally but as schizogemW approached, parasites were lost from
the peripheral eirculations reinvas ion did not occur. (I= am
earlier report the pbAgoaytosis of parasiLtized red cells In the
spleen, liver and occaslaionlly in peripheral blood in 1mi~meo
was described.) Of interest was the fact that in the 1mime adce
but not the control at 0741w~ on the day after challenge a few
sohisent Infected cells were, to be, seen In the peripboral. circulation
suggestng that In the Ismme, Mice the grwth. Of a samall proportion
of the pamasites was, slowed., Mm the =Lcer Injected with. cultured
parasite. asears taken 1nmediatelyr after challengle showedi that
Ii-s% of the parasites in the peripheral. circulation were new rings
ad the rest were late trophosoites or schisont infected Cells.

Two hours later smears from the 4umie mice showed that there was
a small Inamease in the -n-br of ringj infected cells but a rapid
decrease In the mature asexual stages.* Five hours after injection
the poaasitaeamsu In the ismme mice, given cultured ), arasitos ware
below 10 and 835% or- mere of the parasites were ring, stage parasites.
At this time thef non-dine control mouse was showing a parmaituemia
of 5.3%, 99% of the parasites being new rings. This experimmt
confirm that in the byperimmns, mouse the removal, ot parasites/
parasitized red coe occur at the late trophosoite/sohl-ont stage,
grawft from; the youme ring stage In the majority of parasites

L c' I4I I_ -
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occurring normally, and this removal is a rapid proes, once the
parasite roaches, the schixont stage. The majority of recently
introduced late trophosoites/sabisonts disappearing from the
circulation within 2b.

Previous work has show that phagocytosis of P
P. ohabaudi parasitized. colla occurs in the liver and. the spleen.
The relative import-nce of the spleen was examined in the following'
experimnts

In the6 firmt experiment, 4 months female CEA mice were Infected
with 1 x 10 P. obab.ui infected red cells. On day 10 of
infection, two days after peak praltaemia with the pnrasiLtaema
declinlng, two groups of five mice were spleneotomIzed ucder ether
aaesthosi&. A third infected group were sham splenectomieed.
The day af te' spleonectomy the mice in one group, together wLth.
a n-imue intact control, were rinfeoted with. 7 z 100jA g jd
infected redcells iev. The perasltaemLas tore give= in Flgure o
I the spleotom:Loed/non.-reinfecoted umLc the par sitamia, declined
further an the day after spleneotoy but thereafter the paresita mLa
increased and a fluctuatine patent parasitaemia ensued Until
days 34-38 whom the peasoitaemia become subpatent for a short period,
In. the spleneotomIzed/reinfeo ted. mc the peazsitemia. rose am the
two days followine reinfection and thereafter continued an a.
fluctuating and frequently high patent pars.itaomia umtiL day 39.
In the nam-splenectomiaed infected mice the parnasLtaemia became
subpatent in all mice by day 20. From a previous expearlment( page 32 ) it is known that in infected mice given an
additional challenge infection on day 11, the parasitaemia initial.ly
rLeso but thereafter rapidly declines to become subpatent at the
same time A in. Oftrols. These results confirm the importance
of the spleen in. the Maintenance of i~m~iLt in mice ine which.c the
prima r perasitaead was going into remissions it is si=4 icant,
however, that in the splenectomio infected mice the parasitaceascontinued to decline in the absence of the spleen om the day after
spleneotom '. *

SIn6 the seconmd experlment, imn=e CBA female mice were reinfected
with 10 P. obabaudi parasitized cells to boost their ianmt.ity and
3l3 days later when th parsitoemia following challenge had become
subpatent two groups of five mice were oplenectomised, On day 14,
the day following splanectomr, me group of the splnectoomzed dce
(Group C) were challenged with 5 x 108 parasitized cells i.v. A
group of the reinfoct*d but sham-eplenectomised mice, and non-immme
age-mtachd. control mice were similarly chlene. The reimining
group of reinfected ond splenectomied micse (Group B) were not
challeagoe. The peraaItaeadaa In. the various mice, from day' l1
are shown In Figure, go * Te ab elanectood. (Group A) and.
sp.l.nctomlsed. I mice (Group C) both controlled the challenge
InTefOtiO as effectivel an each other wLtL the e=option or a'
singl, mouse in Group C which showed a. w -hrtlastine r rudesoence.
Up to day 46 no Parasites were seen in either group. oae of the
mice, In. that-lowme splawasoaod group (Group B) reeodexoed on
dwy 18 =nd & fatal acuto pezasitasmia ensued. Thus in the mouse
with am establishedlo i Lty with & recent boosting -h spleem
was dispensable and th, rapid removal. of pea:sitised cells ocurred
in etr. splonic sites.

1 .7
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Ta tird experiment 3 months old C571 mioe were infected
.nd x 101 * parasitized cells and an days 14, 20

and 2T four of the m:co were spleneotomIoed. In the non-
aplanectomi..to aio the prasitaomia& followed the expected course,
peak paraestaemia. being recorded an day 8 or 9 and beoo ng
subpatent by day 20, and a patant recrudesoence appearin around
day 29. IzL the mice spleneotomized. on. daW 14 the parauitaemis
remained patent,. and a MuctantIng and frequently &cut*e paraelitaszoia
ensued, one of the mio d7ying. The mieo splenectomized an
day" 20 or day 27 when the mioc had. just become subpatent,
subsequently recrudescod and the parazitaomaa was acute and long-
lasting. In two of the micoe splenectomized on day 20 the
recrudescence appeared two days before the majority of the control
mice.

The role of the spleen. was further explored in homologous anA
heterciogous immity, to P. chb~audi end P. ziuckel bUagochwatti
(P.y.bq.) in C5731 mice. Male C37Bl were, first infoeted. wiLth
P. ghikgA or P.v,.b.o. when, 2 months old. The, Z.v.b..o. infected.
mice had their othervise fatal infection controlled with
ohloroquine. Three months later the recovered mice were
reinfeoted with the same parasite with, which they were first
infected. Twelve days after reionfectio. five mioe from each
group of mioe we spleneotoised. The day following splenoctomy
subgroup@ of three or four intact 1man. mice were ohall .nged
hoclogcusly- or heterologously with 5-7 x 10 8 parsitlized red cells
intravenously. Two spleoneotomized P. chbaudi, imme mice were
challenged, one mouse with P. chabaUldi parnstized red cells end
the other with P.v.b.o. Two spleneotomi ed P.e.b.o, im ume were
also challenged either homologouely or hot erologously. Age-
matched non-it-e controls were also infected. with. the ohaJ.lenge
inoulun. The parsistaeutas are given. in Figure 10. The
inf*otiv1ty of the challenge inoculum was confirmed. in. the non-
immun micoe whicL both died.. The lmm.O MLoc inclding the
eploneotomized. e challenged homologously rapitdly controlled,
and. removed. the challenge, laftexL. TIme intact mioe challenged.
keterologouslT iniLtially showed a sm.1l degroe of resistance, the
parsasitaomi. rising for 2 to 3 days and thereafter deollnin to a
subpatent level by day 8. In contrast, in the splenectomiod.
imm. nice no mit--'y to the heterologous challenge was
d1saernible and the mice dled. Furth r intact md spleneotomsded
immmo mice were challenged. I.v. heterologausly or homologously
18 days after reinfection and 6 da7 after splenetomy. i.
addition, intact mioe challenged an day 13 were challenged for
a second time an day 18. Non-imme age-matched controls ere
also oballenged. Tha parasitaemias are given in Figure 11. Both
the n on-immn- controls died. of am actu. paraItaea.. The.
spleneoatoilOd. Imm aido. challenged. he toroloou17 showed no
ree4.sc an&. did. at the sae time, " the, non-M.~e controls.
The splaeetomied miae ochallenged. honologau ly both controlled.
the challenge infectlon although lose quickJly tha in the
splenoato=Lted moe challenged mo. day 13. Zn- the mice which
were challenged for a second time within five des of the last
reinfection shoved a greater haterologame iinity than in the
"ie wbe challenged an day 13 after reinfectlon, Zn a repeat

experimnt esenxtiaLly the same results woe obtained.

-I

."Prw . . . - 1 . .. - . ._ _ _ __,_.. . *1,I I I l . IS I I I L . .



39a

of0
lol4

CC

C4n
-. -. vvd~so lo.



'4

ad 1

3431

-4a

0 I0

4a.4

* 3

4

.0 Q6

0 1

v4 do'

0 3

00 -4
00 0* eV4 P4ii..

P4 04

a a

-- ~ -



LUi

zI

N0L

4 -. t.-

%Iwp/I3 3Ilvv*O O f

4e



v4t 4 94 0 94

Y4 4

40

04 0-

4.1 0'-

$4~ $ 4

0 61 0 4A

,44

0w a ~
> 0.~a S

0~ 0

4b-

0 0
$4 600

I ~4

4

'44

~.7i~ii-



40.

The relative importance of the Spleen. in. immity to
P. cjja . depends On the stags of the infection. If the spleen
is removed on day 10 or day 14 when the primary patent p sitaoumia
is in deoline, although the pezasitaemi. may decline through one
schlacoon after, splaneotomy, subsequently the perasitaemia. rises,
ini tially uichecked, to &auto levels. Fourteen to 21 days after
spleneotomy, the parsaitaemia is reduced, albeit temporarily, to
subpatent levels. Irradiation of infected mica as the primary
pexarsiaetia. declines has the same effect as splametomy in
extending the patent pea..itaemla but it is shorter lasting. The
sliplost explanation of the effect of splenectomy at this stage
In the infection is to assume that the spleen is a Major source of
protective antibody, n that following spleonectomy, the antibody
level falls within two days of splenectomy. The effect of
:iradiat:Lo, is le. well explained om the same basis because
antibody producing plasma cells are more r sMoreLstant.
Irradiation my- be destroyin a radioseansitive precursor cell, such
as precursors of macrophage or Irillor cell or depletine the supply of
B-cells, the-,precursors of plasme Cells. Splanectomy and
irradiation after the primary parataem~a. Is into remission
has no immadlate Consequences on the course of the parasitaumi.
Any patent recrudesoences following splnectomr, however, a-. of
& laner duration.

Tn. mice which have recovered from both the primary arast aomi&
and the recrudescent pts.:. taoma. and had also beon roinfected
to boost the level of m t , the ability to remove an i.v.
challenge given soon after reinfection is uinimpaired by splonectomvy.
Undoubtedly reinfection before Challenge will stimulate antibody
production and. as removal of the parit is, in p rt, at least
3antibody mediated, peaste.- remova.l in. the, absence, of the spleen
La likely to occur- in satra splenic sltos, such. as tha liver.

Ina contrast although In hyperiaimme mice the spleen in
dispensabl, for thes rapil immediate soval. of the, persitIzed. cella
after a homologous Challenge, wix tha. heteroloous Challenge no
i+nm+t7 is detectable following plenectmoy. In intact hpor-
isme mice after heterologous challenge the parasita e ia. did not
initially, rise as rapidly as in the non-imne, controls and within
6-8 days the paraeteemia was; ubpatent. Thus both the non-specific
4mmity which initially controls the hterologous challeoe
end the specific Imue response- which develop with the speed of
a secondary iinme response, to eliminate the heterologous challenge,
are dependent am. the spleen.

This mechanism of the cross-iimnit7, between different rodent
plasmoda. bas not boe elucidated. although extensive arose-i- .
between rodentl plasmod4- has beem descr od. (for example Cox, 19751.
Mm the publis-hed vock arose-imzty- was detected br ifcting
t)- mice with oe specIew or sub-specie. of rodent plasmodlum ad
a jvm weeks after natural or drug-assisted recovery from that
Inteotl the me were h.lleged with a relatively small inoculum
(I.x 10 pecallsime) o ) of inothor species or subspecies of
palaite. W3e Level of aros-protectiLon at the time of ohallenge
as detected agaliut a large Intravenous Challenge wa., not deteradnede.
Zadizeat fluoreacent antibody tests In cnw laboratory and elsewhere
(co., .970) ludicate that P. v tIaPk
ohms mmo Matige I t has not, wMe ben poeo~blo i ou
laboratop tw enafr protetion to .Z.b.a with sorn from

limn meae& the same sern gave si41Ifioant protecti
to fte iWm mmty, therefore, which deve, ped ome a

•f
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period of seveal days to P. absu and P.vb.o, after htorologous
challenge, would, appear to be spleen dependent and. likely to Involve
the production of species specific protective antibody, with the
antigsa omon to both parasite. actin: as carrier. for the specie.
specific antgens (Brown, 1971). Over the past five Years . role
has been described (reviewed Cox, 1980) for a non-antibody soluble
mediator of 4in'ty with a non-speoific activity again t intra-
cellular parasites, particularly during the primary pramitaem:L.a
Rodent babesias seem to be particularly susceptible to this soluble
factor. Cox (1978) reported that nr.oe infected with B
exhibit a strong i-minty to P. from day 17 to at least
day 22, this iiunIty being suffig ient to remove rapidly an
intravenous challenge of 2-8 x 100 P. v: .. e: infected red cell s.
Cox suggosted that heterologous i ammity to P msei in B. micoroti
infected Wtoe involved the no ,-antibody soluble mediator-. In the
experiments described above the cross-m- Ity between P hmiauda
and .P.kvb. was only suff icimt to depress the rate at which the
patent paramitaemia rose after challenge, before a specific iane
reaponse wea momted. A. soluble non-mtlbody factozr my- be
responsible for the cross-immunty but if this is the case the
spleen muast be & m .Jor souroe of this factor and the half-life of
the latter be relatively short because spleneotomy oblated cross-
im ity.

.- *.
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00olUsans and Reoomedatio,

The techniques which are standard In. the Biood Transfusion
Sez'v-10e6 f€z- the oz7y1Oez'*vftt:Lon at low temp)erat4ures =An subsequAent1recovery of 1-- red cells have proved suitable for the czyo-

preeZvation. of o W infected red Gclis, albeit the rin '
stage parasites Only. Blood from patients with patent 1
Infoctlans oantal. ring stages and/er gamtocytes, the later
asezuzaL stage* vthdxwin into the deeper tissues, such as the
spleen, liver, intestine and heart. Mh= in the present project
snap-freeing sma1, volumes of infected blod containing a finalconcentration of 19% (v/v) l oerol in serbitol/saline solution
and. recovering the thawed blood by washing with sarb:Ltol/sal.-e or
hypertonio saline has proved satisfactory. Cultur s of

P. ovids the later stages inthe asoemaL cycles
Previous work.(Aumu.. Report DATA. 17-76-G9415 ) shoved that
tr;OlhOoiLe and -ohamot-4nfeotod calls ofP f&.cIMaM did not

survive smap-freesing. A tehenqueo for the cryopreservatin and
rocovery of viable, trophosotos and sachizc nts vould
be useful, for example, for the preparation of antig&= seears for
ue in- he-i.nd..to fluoeoscent teost., Aa the presentml: ~ e

attempts to iawove the survival, rate, of these, larger Intraollua
stage&.~ E ofaljj 1 by- reducing the temperature, or tho infected.
blood in a serios of steps (Wilson at &1., 1977) have met with only
li:Lted. success.

The use of ryropreservation to keep P 1 KIJV parasites
from al patient viable wbile the same patient mounts an ,.me
reapons to thoje parasites so that, subsequently, elements of that
imue response can. be tested against those parasites Inirt isa
useful moe. This prooedue provides a. means of oomxtrolIMg for any
entICg,i Tvla"b'it7 bi the parasiLte.o. Ti. thi stud- sam taken,
at different time afte treatment are boine tested fox- homologoua
and heterolegous aot ivityr I v 41 The comditieon vhich allow
reasonable growth. and. t c on, of P. " n In micdroculture
of 30-IOOILl ove s. few days hae been deecrIbe. Siaela= sized
miorooulturea have recently been used by Reese and Motyl (1979)
in. their investigation of anti-malar"i activity in the sems of &2SM. n

Inankrs imune t pUndow the present grant a. Culture
adapted strain of P R has bean mna.tined for 7 or m=e
days In mrocultures by changing 6-70% of the medium n a daily
basis. A detailed report On the effect of the oreturn,' sagra
On the growth and multiplication of the ory-opreserred wild isolates
Of P- f~ldr end also culture adapted strains of P XLJr&.inx
of Thailand aund Gmben =origin vill be given in the next report.
M).cr ul.towes Of - swe curvently boelng used der the
present grant to exea~ne teffeoot of graulocytee and. mmenuoleez
calls from the Paz-IpheMft bleed of imea Gaign, go non-imne
ud.vidualsaIM the r esenca of Gembl or ne np. m Caucasa
se= an the, owt d t lplioau-ia or Z..1rcnin . Medium
we changed dalr. Althou* te results otheseUt-er

C CArM-to are semmsat preliminaa, they hve shou tat,
there is am satbody udqepdenmt uptake of erowoltsee by
friVNeS1 est prtLCUlIT by the pel7mrphomalemr cells, nd. in
a 811014 ePcttLGM ot the patient& tested, their peripheral bleed
maamlo r eelu had. WS atierasitie aotvty L. ths, presence of
homoeus e 6 s , fte phasgoytoes of L.ItLinz= mernoites, and.
Poy40060 %twm Ifeated blood was obserd 7 ider-g microscope
directly aftew being takent from thdo patiLent was described by

* Trab ct m a" Rbd (19") I i -,,,, INA .u0 , (1976) epo tLv.,.

i - -

I :'' .. .- "- +- " '' ' ' 
+'

-"



4

TeolmLqeu are nov available for the oryopreserva9tic of
graunalootes and mononulear cells vhich would permit the colletiLon
of peripheral blood leukocytes from patients during a patent
par tsitaeeti and &t intervals th ereafter and subaequent7 on the
samo ocasiLo teat these samples for actLyit 126Y- correlates
of cell-msLated -i- ity and for coytoto:Lo activit against
homologous pexarstoo (also prevlous i, oryoproserved) in the proenc
or absence of specifLo antibody. A role for cell-mediated inune
mochaziams in a.laria. is indicated although the evidence is In
so oamecses InJOict. For eample, an increase in oells hav ig
a nonp-speLfo antibod dependent cellular ototooitr (K-0ele)
in ma.laio~us ice (McDonald and Phillips, 1978) or children
(Greenwood e . , 1977) suggests that X-cels may be cototoxL
to ialarila. parasites.* In two reports there isa more direct
evidence of cell-mediated iae mecaniwsms kl L'ng parasites

recommeded that theoroculture wysntse fbr growing the s~eual

stbage of P. ";a1.sLUU be used for examining further the specificand non-speoifia antIperamitic acti:vlty of ant:body and cellsf'otomun indLLv.Adualsa. Although t bas st.LIL to be domonst a ;ed
that P. feSloinaru in able to undergo antigmnic 'variation, the
indirect evi~dence suggests that antigenio variability by the
parasite should be ant i cpted. (WVlaa. and Phillip*, 19761 V1.lson,
1980). The use of acuoclonal antibodies prepared against different
Isolates of Pg bmclawm to compare their antl genie Ck W-actera
should reelme abou the antigmic variLability of P. falnr
and i olearly an area where con ldeable effort should be directed.
At the present time in our laboratory the monoclonal antibody
tooinLque is being established and it is hoped that, In due course,
the large numer of P. isolated we hav- oryopreserved in

liqui. 9a be used. in. exeIMents with. monoclonal, antibodies.

The cours, of a blood-inducod P. caJ 1 infection. in mine
has, the typical malaria, characteristic of the acute, paran:LtaemLa.
being followed by m. porlod(s) of subpatonoy" between. one or to
recrudescentr parasitaomias. The, causa of the fluctuating
pa sltaemiaIs not fully understood. Two possible explantions
are being examined in our laboratory at the present tim. Pirst,
Like P.jg~s (Brown and Brown, 19651), P. obabauJ, during the

* asexual erytbwoctic stage may be able, to undergo repeated
antigensi Variation and te reby evae the imme response, a

owell described in Aftoan trypanoaomiasis. 5econadly,
in the infected mLo the at-malarial. Lme response may be
unble to bring about a rapid elmtion of the parasite because
of constraints upon the imme roepouse, these contreints poesibly
being of par"sie o ega. The evidence to date suggests that

ahoUgh.P gakU may bet abl, to umdewgo owtigenic: variation
thew* avr I c&1 ina In the level of antIparsasiti Mctvity,
at J east against the infectin population, which relate to the
emergenw Of the rzeradese t peamretaemar. Zn the experiments
described In this rt aeprL the effects of irradiation am the
ooucreeof CL g- ffoetia.L it was noted that in. the non--
Inoa2Jed iG* e p eiod reinfected with a large hallenge

Inoclun urie th pfw ham the priaM7 paraitasmia was 90oing
into FeMIsslon the onset of the patent recrudescence was
sLge~tIOQntl7 402870d. If we ssum that the recrudscencet;,
oanLsts of persites predoe utly of a ewv variant type this

observation sugests tha the baenge infootion is raising t.h
level of eatipa"Iftio activity' which may be, active against

- --
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P- of different Matig4mia types of that pertioular strain.
The nature of the I==*me mechaniss activo against .
when the primary parsItaomia is decJlina is not fu1 T understood.
Serum collected. as the mry pep.riay taeoia boomes subp ent can
pass-vely protect nan.-Lonme mime which suggests that ser%=
faotors, probably ant:lbody, are iJvolved. Both irrad.tiL. md
spleneotozy of odo., ho ever, during the deolning peresitasmLa,
did not immedLately *hek the declin in. the peraetaemia, but
vithin 2-3 days they did so. Xrradaton in thought to have
little effect on plasma, cells hcVth i diatG that the ,tipurasItiO
processes which are rapid"ly impAired by irradiation at this time,
are not dependent on the production of antimalarial antibody alone.
In the splonectoonied. hyperimmumized mouse or in mice irradiated
after the primury parataomia baa become subpatent the abli1t- to
remove a. large challenge Infection is the sone an n the non-
irradiated or non-eplnenotooLzed Imm =Ledo . Xt would seem,

therefWW7plat the nature, of the Umnne mechanism operatinug
agiinst P. aboband during' the primary paresitaeoia and after thet
primaryr petasodema.Affor in some respects, the former periodperhaps being more dependent an mim= mechanisms which did not

involve a. direct antipersmeiatio (ati-merozolte) cy-eotaz:o atlbcoiy.j
It io Olea that in, Q infetoos e wayM in which
antibody diree1l or Indirectly kills or leads to the removal of
paraeLtoo or parasti led cells neods careful. investigation. A
role for opeoizing ant:bod3 has been suggested. Aot 'atlm. of
maorphages alone has beeu shown, in this report, to have
sin.ificant anti-plasmodial activt . The use of JaYI9
cultureO of P chaba" might allow more direct observation of the
individual eand. combined roles of antibody and collular ealements of
the iimn&a systae. In. omw laboroator3- in. short-term: miorocul-tures
of 1 mltiplication rateer of X2 ocn. be conlstentlyr obta...ed
Multipliato occurs OW read:iy in. RPI 1640 medium oontaiLng-
1: foe tal c-l serum than In. medium ontaingr freals mouse serum.
The Inhibitor activity- ot nommaL mouso e um in culture& of
1,&. O can. be. reduced. by. heatln.r the seum to 560c for 30 min. ,

* It Us possIble, therefore, that specific antIparasitic activty
of antibody, mar be detected in short-term cultures of Z&Q~kM,
provIdIng the antibody ao:iv.t is independent of thee components
of complement which are destroyed by heating the serum for 30 min
at 5600.

A rolo far both T- and B-oalls has been confirmed in the
adoptive transfer e.perimenta* Of the subpopulatIcns of T-ells,
there is evidence that T-helper aolla play a role.

Val vdw the present gnt bow shown that proftectom can
by- adeptively m estaerw not onl With, splee coella but also,
wift peridferal bloodL mm-lea 4o oel peritanaL c11 m also
leukoeytoe dissociated by sbang from framents of liver of
IM --ees. Of particular ateres are the observations on
the lver leko tee beau in one experiment thee* cells could
be sham to be emer dg a protective effect In Irradiated recipient

tcee at a tift wkn tbe was little, detectable antibody prmesnt
In tueir circulatio.

It would seem, therefore, to be worth ooeoely einamdaing the
role of the liver In, the ine response to m4*zari perasites,
pectlaulao.a with re A to oel.medlated inmme respeaes. The,
recen* zepot of klaytaiz an colleague. (1979) hSLOUMM the
roe or tbe UT4W in Nde SORnOLNed. against ,,m22 .A, MR -eet,

ms3eut',r"e ef P MW allow I &l-en~ml.ea4oftn or'

ated POR'AMIO reigCOASO
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The protection. iven to miae agadst BabeaL mo-oti and. to
a .,oer exteosy agai.nt JLRh a a concurrent Infection of
= arne letto caused~ (HtI) ll- (lM) is broadly
smi.1 to the protective effect described by Clark and colleagues
(1977) folloving the injeotion. of mlce with. BCG, and
Cormebaterium par-um. Clark and colleagues attribute the
protection Od a nan-antibody soluble factor which causes intra-
cellulaw death of the prnalo. It i. not known if a similar
substance is produced In the HIM infected mice. The intorntion
of hunma leprosy, MI and maaria infections in the field
could be worth investigation.

It is olear that the applioation of monoolonal antibody
tech ology is goine to have a major role in mlaria r searchl
partLcularly with regard. to the Identification of the antieno
constituents of o lalaa parsLtes which are importa=nt in the
generation of protective m-mt-, and in the demnstratin.m of
antigenic difference* beteen, different isolates of the same

pecie@ of mlArina par.sites and of antgenio variation within
strains of pamaites. Identification of the protoctivo
imog.ens will sped the do'volopment of a safe vaco. o

There is aL urgent need for en Aj&_L test which would
give an occumte ind4cation of the kovol of resistance to
roinfection/Infectlm tOartlcularly to- in "dividuals
,lving in,',,i m ous areas, where, f or e ample, oontrol progrmies
have boen Initiated, and, In the future, in vaccinated Individuals,
Resistance to reinfection will involve one or bott of (1) the
level of antipo:raltio at yilty prosaent at the time of reinfection
and (2) the rate at vhicah the Iimmmologoea . memory responds to the
parasite, and reatimulates protective isawxgity. The growth
inhib:Lito*r actity In, r of se-um from individuals may provide A
a mansUre, of (I) g al.thougt this is open. to doubt. Recent work,
in. our laboratory has shown that secondary antibody response.to . bT spleen; and peripherel blood manonuclear cells
can be induced, i in. 2 o chambers and that the Ilvl
of the I antibo responso reflects the abil.ty of the.
dnor mice to control a challenge Infection. A measim, therefore,
of the secondary antibody response to P. falcnarum of4
Peripheral blood leukocytes from patients could provide an

indiator Of the level of imnlogical meors.

xhlaznia research. i. at the present time, still aing progress.IP haps the Initial optid.i that a vaccine was round the corner
vthch followed the promise of the eiperimental vaccintLqan of
mnkey. Vw NMcsOUGO and tbo successful continuous. culture ofCAUAMMhas not boe fulfiled. Nonetheless, the continued

n malria arm a. 4Liller of babies and infants and. of
maJ8w &N groupe in nsoY developing oountriar. i

u .mt stimulus to oatinue work tovards methods of
ameloraMting th dieaeo and its consequences. X and m*
colleAgesuo aW aeful to the U.S. Army for allowin ns to be
part of that effort.
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